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ABSTRACT 


Large surfaces polished by wind-borne dust on bedrock and boulders are abundant 
along the margins of the Davis, Quitman, Finlay, and other mountains in the Trans- 
Pecos region. At present the polished surfaces are being destroyed by weathering, 
and new polishing is not taking place. The polished surfaces are thus relics of a 
past time when wind-borne dust was a more effective agent of corrasion than at 
present. 

Indian petroglyphs engraved on and partially destroying wind-polished surfaces 
in the Finlay Mountains are unmodified by later wind action. Near-by middens 
contain fragments of pottery which, according to the archeological chronology. were 
made between 1200 and 1300 A. D. Granting that the associated petroglyphs and 
pottery are contemporaneous, the picture-writings are 600 or 700 years old, and 
the wind-polished surfaces are still older. 

Alternation of relatively humid and relatively arid intervals during the late 
Quaternary has already been postulated on evidence provided by alluvial deposits 
in the Davis Mountain area. It is suggested that the wind-worn surfaces here 
described were formed during one of the dry periods. The longest and most impor- 
tant such interval intervened between deposition of the Neville and Calamity forma- 
tions. The polished surfaces presumably date back to this dry period which is to 
be correlated with the so-called Postglacial Optimum 5000 to 7500 years ago. 
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INTRODUCTION 


In 1891 Johannes Walther, traveling through Trans-Pecos Texas, 
found numerous polished boulders which he later mentioned in Das 
Gesetz der Wiistenbildung (1900, p. 101-102). Although Walther was 
not specific as to localities, he apparently refers to certain wind-abraded 
rock surfaces in the northern Quitman Mountains, possibly the same 
examples as can be seen today along U. S. Highway 80 about 10 miles 
west of Sierra Blanca (Fig. 1, locality 4). He attributed the polish to 
the sand-blast that scours the dry basins and foothills between infrequent 
rains—hence to a process intermittently active at present. 

Investigations in western Texas made by the authors during the field 
seasons 1938 and 1940 provided opportunities for examining polished 
rock surfaces at six localities. The polish is everywhere being destroyed 
by weathering and is thus a relic of a time when the wind was locally a 
more effective agent of abrasion. This paper deals with the distribution 
and forms of the wind-worn surfaces and with the problems of their 
significance and antiquity. 

Field work for this paper was begun in 1938 when the writers, aided 
by a grant from the Penrose Bequest of The Geological Society of 
America, were studying Quaternary deposits in the Davis Mountain 
area, and has been extended by Albritton while engaged in field work 
devoted largely to other problems. 


DESCRIPTION OF WIND-POLISHED ROCKS 
DISTRIBUTION 


Localities at which wind-polished rock surfaces were observed are 
indicated by numbers 1 through 6 on Figure 1. The first three are along 
the borders of the Davis Mountains, where the annual rainfall averages 
less than 17 inches. Localities 4 to 8 are along or near the margin of the 
Hueco Basin, in a drier region with an annual precipitation averaging 
around 8 inches. Locality 4 is at the northern end of the Quitman Moun- 
tains; 5 and 6 are near the southeastern and northwestern ends of the 
Finlay Mountains, respectively. Lang (1941) has described polished 
rock surfaces in the Cornudas Mountains (locality 7) and Hueco Moun- 
tains (locality 8) which may be similar in origin to those observed farther 
to the south and east. 

DAVIS MOUNTAINS 

Locality 1, 12 miles southwest of Fort Davis, may be reached by the 
Valentine-Fort Davis road. This locality is in a transitional belt be- 
tween the Davis Mountains on the north and a broad pediment that 
slopes toward Alamito Creek to the South (Albritton and Bryan, 1939, 
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p. 1451-1452, pl. 1). Northern extensions of the pediment indent the 
mountain front, and scattered steep-sided residuals rise a few hundred 
feet above the plains to the south and west. Three such outlying hills 
lie along a meridional line connecting the Finlay and Merrill ranch houses. 
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Ficure 1—Map of Trans-Pecos Texas showing localities of wind-polished 
rock 


(See Valentine topographic sheet.) Each is roughly conical and com- 
posed of fine- to coarse-grained syenite. Joints divide the rock into 
large blocks, which tend on weathering to assume rounded shapes as a 
result of exfoliation. The peripheries of the hills are studded with these 
bosses and boulders (PI. 1, fig. 1). 

Dozens of wind-worn rocks occur along the bases of the three hills. 
One striking example (PI. 1, fig. 2) has a smooth and polished surface 
that contrasts strongly with the rough granular exterior which is the 
ordinary result of weathering on this rock. The polish is mostly on the 
feldspar crystals. Under a magnification of 10 times or greater, numerous 
small scratches trend at random. These apparently smooth surfaces 
resulted from abrasion by an agent capable of producing fine rather than 
coarse scratches or chatter marks. The ferromagnesian minerals are 
generally marked by dull surfaces which consist of small pits, most of 
which seem to have developed by differential weathering after the polish- 
ing. Near the base the blocks are being actively exfoliated in thin shells, 
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so that the polished surface has been or is being carried off on the shells 
of rock. Near the top, however, are older exfoliation scars, some of 
which were nearly effaced during the scouring which formed the polish 
(Pl. 1, fig. 3). Thus the contours of this boss were being modified by 
exfoliation before and during the polishing. Active exfoliation during 
the period of wind abrasion may in part explain the absence of flutes 
or facets. 

Smooth and lustrous surfaces like those described above are present 
only on rock surfaces that are relatively sound and unweathered. When 
the surface is deeply weathered and crumbly, the polish is duller and is 
limited to the firmer feldspar grains standing in relief above the irregu- 
larly eroded depressions of more decomposed zones. 

Polish occurs only on rocks around the bases of the hills and on 
upstanding residuals away from the bases. The vertical limit of the 
polish is about 12 feet above the local pediment level. Rounded boulders 
generally have a greater proportion of polished surface than do angular 
boulders, on which the polish is usually restricted to exposed corners and 
edges. Rocks less than 50 yards from the base of the nearest hill gener- 
ally are not polished on the sides facing the hill; those farther away may 
be polished on all sides. The same effect is seen on a larger scale in the 
distribution of wind-worn rock surfaces around the three hills; the most 
isolated hill lying the greatest distance south of the Davis Mountain 
front and thus most exposed to winds from all directions has wind-worn 
rock surfaces all around its base, whereas the northernmost hill nearest 
the mountain mass has no wind-worn rock surfaces on the northeast. 

The massive syenite of these hills seems to have taken and also to 
have preserved polish most successfully. The location of hills of other 
rock types is in all respects similar, and presumably wind action has 
also occurred, but the evidence has been lost by more rapid weathering. 
At present the wind apparently is not corroding hard rocks at this locality. 
There are no active dunes here or near by, and the smooth pediment floor 
with its thin veneer of alluvium in transit is effectively protected against 
deflation by a carpet of grass (PI. 1, fig. 1). 

The absence of dunes or of patches of wind-transported sand or dust 
either near these semidetached hills or on the mountain slopes to the 
northeast is a remarkable fact. It must be attributed to extensive 
erosion by rain wash and stream action since the time the polish was 
formed on the rocks. 

At Locality 2 on the north side of the Fort Davis-Alpine highway 4 
miles southeast of Fort Davis a layer of dense gray trachyte crops out 
as a low bluff trending northeast and facing the broad headwater valley 
of Limpia Creek to the north, west, and southwest. (See Fort Davis 
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topographic sheet.) The bluff is thus exposed to all but southeast winds. 
Edges and corners of joint blocks are polished up to 6 feet above ground 
level. In spite of the drab color of the rock, the polish is remarkably 
perfected on sound rock. On weathered rock the polish is duller. The 
polished surfaces are smooth, passing without interruption over glassy 
sanidine phenocrysts and the gray aphanitic matrix alike. Weathering 
subsequent to polishing has loosened many feldspar crystals, so that the 
surfaces are commonly indented with angular, unpolished pits. 

Locality 3 is on the north side of the Alpine-Terlingua road, 3 miles 
southeast of Alpine. Wind-worn rocks are scattered over the crest of a 
low, grassy divide between two headwater branches of Lencito Draw 
and exposed to wind from all directions. (See Alpine topographic sheet.) 
Bedrock is a microcrystalline brownish vesicular latite (?), the vesicles 
of which are filled to varying degrees with chalcedony and drusy quartz. 
The voleanic rock juts out in low angular hillocks, and angular boulders 
of various sizes are scattered over the divide. Effects of wind abrasion 
are restricted to projecting edges and corners, and though no larger 
surfaces are noticeably worn the polish where developed is lustrous. 
None of these rocks rise more than 2 feet above the surrounding grassy 
surface. 

QUITMAN MOUNTAINS 

Wind-worn rocks are abundant in the northern Quitman Mountains 
(Fig. 1, locality 4). Examples can be seen south and southeast of U. 8. 
Highway 80 at the bend around the northern end of the mountains about 
10 miles west of the town of Sierra Blanca. They are restricted to a 
narrow belt along the base of the mountains, where foothills and spurs 
meet the almost featureless surface of a pediment that extends far to 
the south and west over the Hueco Basin. (See Fort Hancock topo- 
graphic sheet.) Bedrock is syenite, and the worn surfaces exhibit the 
same characteristics of distribution, configuration, and preservation al- 
ready described for similar rocks at locality 1. Polish is best developed 
on corners, edges, and sides of boulders facing the west; thus it appears 
that the abrading winds came from the west, and therefore from the 
direction of the Hueco Basin. 

The sandy surface of this basin is inadequately protected against de- 
flation by greasewood and other bushy plants. The prevailing south- 
westerly winds therefore produce sandstorms, but the intermittent sand 
blast of the present time is unable to maintain polish on the rocks. 
The once smooth and lustrous surfaces have been so nearly destroyed 
by exfoliation that they are now rough over most of their surfaces and 
retain only a few projecting scales with polish. J. Walther (1900, p. 29) 
noted this fact, but attributed the exfoliation to torrential rains that fell 
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a few days before his arrival. The writers have observed the same ex- 
amples of polished boulders before and after numerous rains without 
being able to detect any change in the surfaces. Destruction of polished 
surfaces in this locality has progressed more slowly than Walther sup- 
posed, and if the writers’ estimate on antiquity of the polish is correct 
the destructive effects have resulted from centuries of weathering. 

Mr. R. M. Huffington, who is preparing an account of the geology 
of the northern Quitman Mountains, reports that wind-worn stones are 
widely spread along the peripheries of the range at many localities 
other than the one here described. 


FINLAY MOUNTAINS 


Locality 5 is a small hill rising a few feet above the level of the 
Hueco Basin at the southeastern end of the Finlay Mountains. Boulders 
and residuals of dense gray hornblende porphyry are polished. The hill 
is exposed to wind from all directions. As the wind-worn surfaces are 
like those of the Quitman Mountains, no further description is needed. 

Locality 6 marks the site of the Wilkie ranch house, situated on the 
west bank of Campagrande Draw in the western Finlay Mountains 
(Lat. 31° 23’ N., Long. 105° 39’ W.—Fort Hancock topographic sheet). 
The corners and edges of sandstone blocks are polished as high as 12 
feet above the ground. The blocks are derived from near-by outcrops 
of the massive sandstones of the Cretaceous Cox formation. Concen- 
tration of iron compounds resulting from the decomposition of marcasite 
nodules within the body of the rock stains the surfaces of the blocks a 
reddish brown. The outer rinds, a fraction of an inch thick, are more 
indurated than the normal granular sandstone. Wind polish is super- 
imposed on the protective rinds. The polished rind of these rocks is, 
according to Hume (1925, p. 211), the true desert varnish although many 
authors consider that the presence of the rind alone without superim- 
posed wind polish adequately represents desert varnish. The rock sur- 
faces are exposed to winds sweeping along or across the broad Campa- 
grande Valley from the north, south, or east. After camping at this 
locality, one can attest that strong winds transport sand and dust in 
disagreeable quantities. Nevertheless, these storms are inadequate to 
replace the polish which is being destroyed by weathering. 


HUECO AND CORNUDAS MOUNTAINS 

Lang (1941) has recently described polished rocks in these mountains. 
Like those of the Finlay-Quitman area, these localities lie east of the 
broad Hueco Basin (Fig. 1, localities 7 and 8). The rocks affected are 
granite, and the polished surfaces were found by him on the upper walls 
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of “crevice caves” and niches, and on large boulders on the “surrounding 
apron of detrital wash”. Polish is mostly on the south side and extends 
from points about 2 feet above ground to 7 or 9 feet above ground. 
Lang attributes the lack of polish in the zone up to 2 feet above ground 
to a recently lowered ground surface. The writers’ observations at other 
localities indicate that exfoliation is more complete near the ground, 
and it is thus reasonable to conclude that the polished surfaces described 
by Lang are now being destroyed by exfoliation as are others in the 


same region. 
POLISH BY WIND-DRIVEN DUST 


Polished rocks widely distributed over Trans-Pecos Texas are numer- 
ous in the Davis, Quitman, and Finlay mountains and are reported 
from the Hueco and Cornudas mountains. Doubtless other localities 
will be discovered. The sporadic distribution is due to lack of explora- 
tion and also to the existence, in these localities, of rocks particularly 
suitable for the preservation of the polish. 

Fluted or grooved surfaces have not been found, nor are near-by 
deposits of wind-blown sand known. 

Although polish is developed on the surfaces of different types at 
different localities, four characteristics are common to all examples: 
(1) The polish is restricted to upstanding boulders and to bosses of 
bedrock situated along the borders of residual hills and mountains adja- 
cent to surrounding pediments. ‘The localities are exposed to winds 
from several directions. (2) The polish is generally restricted to 
surfaces 12 feet or less above the local ground level. It is more marked 
on the southern and southwestern sides, but locally appears on all sides 
of a given boulder. (3) The polish is superimposed on surfaces which 
owe their form primarily to weathering and not noticeably to fluting 
and faceting by sand blast. Weathering is destroying the polished 
surfaces. Where the polish has been removed, as by exfoliation, there is 
no evidence that it is being restored. 

Fluting and carving of rocks, described by many authors (Blake, 
1855; Gilbert, 1875, p. 82-84; Cloos, 1911, Pl. 2, fig. 9; Hume, 1925, p. 64; 
Blackwelder, 1929, p. 256; Russell, 1932, p. 101-103; Denny, 1941, p. 
256-259), seem to be related to the movement of coarse sand by winds 
of fairly constant direction. Polishing of bedrock and pebbles also occurs 
in many of the same localities. It is produced by the impact of finer 
grains such as dust. Direct reference to polishing is made by many 
authors, and, recently, rocks polished and pitted in Pliocene time have 
been described and illustrated by Smith (1940). 
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In order that these rocks and surfaces here described be polished, it 
is necessary that the agent should act on all sides of isolated boulders 
at heights up to 12 feet above the ground. This distribution of polish 
and the fineness of the scratches of which it is composed imply that 
the dust was swirled in the irregular eddies and vortices of the wind. 
The winds were presumably variable in direction throughout the year, 
or boulders could not have been polished on all sides. The greater num- 
ber of polished surfaces and general tendency for more polish on the 
southwest sides of hills, as at Locality 1, testifies to prevailing winds 
from the southwest similar in direction to those of the present. 

Lang (1941) has raised again the question of the role of animals 
in the production of polished surfaces. Undoubtedly the sand-impreg- 
nated coats of animals—particularly the grazing animals—are capable 
of producing a polish in which the presence of the oils and waxes of 
the skin is a factor. Bryan (1925) has observed at Tinajas Altas in the 
Papago Country of Arizona polished surfaces at the rubbing places and 
lairs which mountain sheep use in the heat of the day. As Lang states: 
“The smooth and highly polished surfaces formed on posts, pipes and 
other hard and resistant objects, produced by cattle satisfying their urge 
to scratch, is a common sight about water holes in the western ranges.” 

Schoewe (1932) explains the “mirror polish” found on only one side 
(northwest) of an isolated erratic in Brown County, Kansas, as due 
to rubbing by bison. This boulder differs from others in this part 
of Kansas in having a much higher or “mirror” polish, in being located 
near water, and in being the only shelter or rubbing place for miles 
around. Other boulders in this part of Kansas have only minor areas 
of polish, and Schoewe implies that the polish on these boulders may 
be attributed to wind action accompanying the last glaciation. Thus 
the one boulder in Brown County is a special case. 

K. Walther (1924) has described the polished surfaces of isolated 
granite boulders on the plains of Uruguay which he attributes to rub- 
bing by sheep. However, in 1930 he retracted this explanation in favor 
of the formation by chemical weathering of a siliceous surface induced 
by a process of “case-hardening.” He does not, however, wholly 
abandon the idea of animal polishing which may apply in special 
instances. 

In the Trans-Pecos region there are so many of these surfaces, some 
so close to the ground, some so high above the ground, some in such 
relatively protected positions, that polishing by animals seems unlikely. 
One must suppose an indefatigable perseverance in rubbing by large 
numbers of animals. Such industry is difficult to imagine in a state 
of Nature. Herds of cattle or sheep furnish no true pattern of be- 
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havior. The provision of watering places by man has vastly increased 
the carrying capacity of the range so that domestic cattle are much 
more numerous than the herbivorous animals of the past could have 
been. Furthermore, they follow their instinct to loiter in the heat of 
the day without fear of the larger carnivores. They thus have greater 
leisure for indulging in rubbing on upstanding objects. 

One cannot affirm that rubbing by animals may not have caused 
a polish or increased the polish on any one rock or boulder that may 


have been especially well-located with regard to a natural watering ~ 


place. The numerous and widely scattered polished surfaces of the Trans- 
Pecos region have a distribution unrelated to natural watering places. 
Some are polished to a height above the ground of 12 feet or too high 
for animal polishing. The number of surfaces and their distribution 
require an efficient and widespread cause such as wind-driven fine sand 
or dust. That none of this dust remains in the vicinity of the surfaces 
is an obstacle to the acceptance of this explanation. However, periods 
in the past when dust was moved by the wind have been established, 
and intervening time has been long enough to provide opportunity for 
the removal by erosion of the dust near the rock surfaces. 


ANTIQUITY OF THE POLISHED SURFACES 


Locality 6 is also the site of a former Indian encampment that is 
remarkable for a number of petroglyphs consisting of the outlines of 
animals and various conventional symbols (Osburn, 1941; Howard, 1941). 
All the drawings are pecked into the sandstone boulders, and some 
are cut into the wind-worn surfaces already described. No new polish 
has formed where drawings are found. Hence the wind polish is older 
than the petroglyphs. The ground surface around these inscribed boulders 
is littered with flint chips and other refuse of ancient Indian camps. 
From these middens pottery fragments were obtained which H. P. 
Mera attributes to people who lived between 1200 and 1300 A. D. (Camp- 
bell, et al., 1941). As the camps and petroglyphs appear to be con- 
temporaneous, the polished surfaces are more than 600 to 700 years 
old. 

If the polished rocks are attributed to some past, relatively more arid 
time, the sequence of Quaternary events already known for the Davis 
Mountain area offers two possibilities for correlation. In 1939 the writers 
showed that Quaternary alluvium in the valley flats adjacent to the 
Davis Mountains is divisible into three formations: Neville, Calamity, 
and Kokernot—in order from oldest to youngest. Disconformities sep- 
arate the formations, providing that the three stages of alluviation alter- 
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nated with stages involving cutting of guilies or arroyos. The stages 
of alluviation appear to have been relatively humid times, whereas 
those of arroyo-cutting were relatively dry. Probably the wind was 
an active agent of deflation and corrasion both during the Neville- 
Calamity interval and the more recent Calamity-Kokernot interval. 

Wind work in Neville-Calamity interval is well established. Wind- 
blown dust in the caves and shelters of the Davis Mountains indicates 
that the grass-covered intramontane valleys of these mountains have 
at times been sear and windswept. The age of this dust has been dis- 
cussed by Kelley (Kelley and Campbell, 1940). In Rock Cave, for 
instance, excavation showed an upper cultural layer containing arti- 
facts of the Chisos focus overlying several feet of angular rock frag- 
ments derived from the roof. The rock fragments, in turn, rest on wind- 
borne dust. In another shelter, known as Alpine 2:7, debris containing 
artifacts of both the Livermore focus and the Chisos focus overlay 
debris containing artifacts of the Pecos River focus which in turn rested 
on fine reddish-yellow dust. In both these caves the dust is sterile, but 
in Hord Rock shelter Smith (1934) found bones of a horse and a musk- 
oxlike animal at the top of the dust layer. As artifacts of the Pecos 
River focus occur in the upper part of the Calamity formation, the dust 
in the caves is presumably older than that formation. This conclusion 
is confirmed by the fact that the bones of extinct animals do not 
occur in the Calamity. Hence in 1938 the writers assumed that the 
dust and the rock polish both belong to the interval of erosion marked 
by the disconformity separating the Neville and Calamity formations. 

Kelley and Campbell (1940, p. 158-162) discuss at length the age 
of the cultures involved in the stratigraphy of the Davis Mountain area 
without reaching a conclusion as to definite dates in years. “For the pres- 
ent, therefore, no definite dating of the Calamity formation and its 
equivalents, or the immediately preceding and following erosional periods, 
or the included cultural remains is practicable.” 

It is possible, however, to speculate on the antiquity of the Neville- 
Calamity erosion period. The Neville formation contains bones of an 
extinct horse and also an elephant. The presence of an elephant implies 
that a more luxuriant vegetation and a wetter climate also existed. 
Physical evidences also imply climatic conditions wetter than the present. 
Thus it is inferred that the Neville dates back to the wet period coinci- 
dent with one of the readvances of the retreating continental glaciers. 
The last advance, recognized at Cochrane, Ontario, and in the Fen- 
noscandian moraine of Sweden and Finland, has been dated at 10,000 
years ago. (See review of the problem, with bibliography, in Bryan 
and Ray, 1940.) The Neville is at least as old as this date and might 
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be earlier. The ensuing Neville-Calamity erosion interval was warmer 
and dryer than the present and might coincide with the warm period 
known in Europe as the Postglacial Optimum. The best date for this 
interval appears to be that of Fromm (1940) who fixed it in the years 
5000 to 7500 before our time. 

It should be remembered also that the salt lakes of the Great Basin 
area were dry at a time subsequent to the last glaciation, definitely 
marking a period of aridity in the post-glacial of western United States. 
Its date has been estimated by Van Winkle (1914) and others by com- 
puting the present salt content of the lakes and dividing this quantity by 
the present annual increment of salt added by the inflow of river water. 
The resultant figure makes the present salt lakes 4000 years old, but 
that is obviously too small a figure. In a gradual amelioration from 
a previously dry period to the present mean rainfall, the inflow from 
the rivers both of water and salt would not begin suddenly at the 
present amount, but should gradually increase. Thus the divisor in Van 
Winkle’s calculation should be smaller and the length of time longer. 
Further, there have been minor fluctuations of climate in the interval 
with an unknown effect on the inflow of salt. Nevertheless, the figure of 
4000 years back to a dry time is of the same order as the figure of 
5000 years back to the warm period in Europe. It is a fair presump- 
tion that these fluctuations toward the warm in Europe and toward 
the dry in western America are contemporary. 

If the Neville-Calamity interval of erosion and relative dryness falls 
in the great postglacial warm period, the Climatic Optimum of Europe, 
the rocks were polished more than 5000 years ago. 

The possibility must be considered that the polished surfaces date 
from the Calamity-Kokernot interval of erosion and relative dryness. 
Kelley and Campbell (1940, p. 64-71, 160-162) discuss the date of this 
interval. Artifacts of the Livermore focus raveled from a village refuse 
heap into the post-Calamity arroyo at Nine Point Mesa. As a typical 
Livermore projectile point has been found at Mogollon Viilage, New 
Mexico, in an archaeological horizon dated by tree rings as ending 
about 900 A. D., it can be postulated that the arroyo may have been 
cut at least as early as this date. In the Kokernot formation the known 
artifacts are given a date that may be as early as 1200 A. D. How- 
ever, this dating is uncertain. It is apparent that we are trying to cut 
fine distinctions with too dull a knife. Kelley and Campbell admit that 
the beginnings of Kokernot deposition may have been only a short time 
prior to 1400 A. D. and also that the post-Calamity erosional period 
may have been coincident with the great drought of the late thirteenth 
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century recognized in tree rings. In whatever way these difficulties in 
dating may be resolved eventually, the Calamity-Kokernot interval 
was short and lasted at most 100 to 300 years. It occurred not more 
than 1000 nor less than 500 years ago. 

There is no local evidence of wind movement in the Calamity-Koker- 
not interval, although greater activity than at present may be pre- 
sumed. If the surfaces were polished in this interval, their subsequent 
preservation is no great problem. If they were polished in the Neville- 
Calamity interval, however, the surfaces must have persisted for 5000 
years or more. One might suppose that the rocks at localities adjacent 
to the Hueco Basin may have been polished during the first dry period 
and repolished in the second, but this supposition seems less probable in 
the Davis Mountain localities. The caves in the near-by Davis Moun- 
tains received much dust in the first interval but little or none in the 
second, indicating that the Calamity-Kokernot interval was not suffi- 
ciently dry or prolonged for effective wind action in this area. 

The writers hold that the balance of evidence indicates that the polish- 
ing occurred in the Neville-Calamity period of erosion and wind action, 
about 5000 years or more ago. This conclusion involves a persistence 
of the polish in spite of the intervening 5000 years of weathering. The 
persistence of the polish testifies to the relative resistance of the rocks 
involved and to the slow weathering of arid regions. 

Wind-carved blocks of gneiss many of which retain a high polish are 
found on the Home moraine in the Cache la Poudre Valley of Colorado 
(Bryan and Ray, 1940). These polished rock surfaces may have been 
covered by wind-blown sand, of which patches remain, for part of the 
time since the surfaces were wind-scoured. The wind-action goes back 
to middle Wisconsin time. Similar wind-cut and wind-polished rock 
fragments occur on the Corral Creek moraine. There is little evidence 
that they have ever been protected by a cover of sand. These stones were 
polished by the winds that blew off the ice as it retreated after building 
the moraine some 25,000 years ago. Therefore, sufficiently resistant 
rocks in suitable climates will retain a wind polish for many thousands 
of years. 

There is no direct evidence for the contemporaneity of all the polished 
surfaces of the Trans-Pecos area except, that from place to place, there 
is the same degree of preservation. Therefore, some of the surfaces, 
particularly those near the Hueco Basin, may have been polished or at 
least repolished. The appropriate time is the Calamity-Kokernot in- 
terval which has a date ranging from 900 A. D. to 1400 A. D. or 500 
to 1000 years ago. 
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SUMMARY 


Polished rocks at numerous localities in the Trans-Pecos region and 
mostly in Texas resulted from past wind action. The number and magni- 
tude of the surfaces are too large for formation by the relatively hap- 
hazard process of polish by animals. The wind polish is now being 
destroyed by weathering. Although there is no direct evidence that the 
surfaces were abraded contemporaneously, the inference from their 
common state of preservation is clear. The available evidence indicates 
that the polish was formed in the Neville-Calamity period of erosion 
and relative dryness. This interval is presumably the great period 
of warmth and, in western United States, of aridity 5000 to 7500 years 
ago. Such a conclusion requires the preservation of the polish for a 
period of at least 5000 years. 
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ABSTRACT 


The Vifiales limestone fauna is correlated with the upper Portlandian on the basis 
of the ranges of its normally coiled ammonites and their similarity with species in 
the upper Portlandian of Mexico and Argentina. Genera not known below the upper 
Portlandian include Corongoceras, Micracanthoceras, Durangites, Lytohoplites, and 
Parodontoceras. Genera not known above the Portlandian include Metahaploceras, 
Physodoceras, and Durangites. Genera not known above the lower Tithonian include 


Corongoceras and Lytohoplites. 
Previous correlation with the Lower Cretaceous was based mainly on identity of 


aptychi and similarity of uncoiled ammonites to species in the Lower Cretaceous 
of southern Europe. Association of these forms with normal ammonites permits no 
doubt as to their Portlandian age and suggests that aptychi must be used with 
caution in detailed stratigraphic work. Nothing in the fauna suggests the Kimme- 
ridgian or Tithonian stages. The much younger age of the fauna than that of 
the Argovian-lower Kimmeridgian ammonites, described by Sanchez Roig and 
Marjorie O’Connell, shows that the older fossils are from the San Cayetano forma- 
tion beneath the Vifiales limestone, and that these formations are separated by an 
unconformity involving parts of the Kimmeridgian and Portlandian. 
Furthermore, the study shows that undoubted Lower Cretaceous rocks have not 
yet been found in the West Indies, that metamorphic rocks elsewhere in the West 
Indies may be Jurassic, and that the regions bordering the Gulf of Mexico have a 
similar Jurassic history. It suggests that the Palisade disturbance is late Jurassic. 
Application of these conclusions toward forming a clearer picture of events in 
Jurassic and Lower Cretaceous times should aid in showing the time of origin and 
possible distribution of mineral deposits and should be particularly useful in 
explorations for petroleum in the deeply buried rocks of the Gulf region. 


INTRODUCTION 


The present study was begun with a fair degree of confidence that the 
Vifiales limestone fauna was early Lower Cretaceous. Interest was first 
aroused by examining a small collection of ammonites and aptychi from 
Camagiiey Province. Fossils from the Vifiales limestone have been re- 
ceived periodically by the Geological Survey since 1929 and have usually 
been identified as probably Lower Cretaceous. This age assignment 
seemed reasonable on the basis of the similarities of the uncoiled am- 
monites and the aptychi to Lower Cretaceous Eurasian fossils and the 
rarity of uncoiled ammonites in the Upper Jurassic. Further confirma- 
tion of Lower Cretaceous age was furnished by several recently published 
statements, although nowhere had undoubted proof been published of 
rocks of Lower Cretaceous age in Cuba or in any other of the West 
Indian islands. A Lower Cretaceous age was apparently contradicted, 
however, by the supposed occurrence in the Vifiales limestone of am- 
monites of Argovian-lower Kimmeridgian age described by Sanchez Riog 
and Marjorie O’Connell in 1920 and 1921. Subsequently, Dickerson and 
Butt (1935), on the basis of considerable field work, claimed that these 
Jurassic fossils actually were derived from the phyllites of the San 
Cayetano formation but were mixed locally with float from the overlying 
Vifiales limestone. Furthermore, they contended that the Vifiales lime- 
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stone was separated from the San Cayetano formation by an angular 
unconformity involving much of Upper Jurassic time. As considerable 
confusion resulted from these contradictory statements of age and 
relationship, the writer decided that a published description of the com- 
mon species of the Vifiales limestone would form a sure basis for its 
age determination, would show the correct sequence of events in Cuba 
during Upper Jurassic and Lower Cretaceous and would afford more 
accurate correlations with rocks of similar age in other lands bordering 
the Gulf of Mexico and the Caribbean. 
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VINALES LIMESTONE 
DISTRIBUTION AND THICKNESS 


The surface extent of the Vifiales limestone is shown on a generalized 
geologic map of Cuba compiled by Lewis (1932, opposite p. 534), and 
on more detailed maps prepared by members of an expedition from the 
University of Utrecht (Rutten, 1936, p. 1-59, 3 pls.; Thiadens, 1937, 
p. 1-69, 3 pls.; Vermunt, 1937, p. 1-60, 3 pls.; MacGillavry, 1937, 169 p.). 
The formation extends (Palmer, 1938, p. 20) about 375 miles from west- 
ernmost Pinar del Rio Province to eastern Camagiiey Province and crops 
out mainly in the northern part of the Island. Dickerson (1937, p. 418) 
notes that the formation: 


“fs exposed in the Organ Mountains, Pinal del Rio Province; in several small out- 
crops in northern Matanzas Province; in a worn-down cordillera 120 miles long in 
northern Santa Clara Province and westernmost Camagiiey Province; and in a small 
area in northeastern Camagiiey Province.” —and—“probably underlies northern 
Havana Province as well.” 
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The subsurface extent of the Vifiales limestone toward the south is 
unknown, but Dickerson (personal communication) thinks that it is 
probably absent in southern Cuba as indicated: (1) by its absence on 
._ the Isle of Pines; and (2) the lack of seepages in the southern part of Cuba, 

The thickness of the Vifiales limestone has been variously estimated, 
Palmer (1938, p. 20) says it ranges from 1700 to at least 5000 feet. For 
Pinar del Rio Province the thickness has been estimated by De Golyer 
(1918, p. 139) as at least 2500 feet, by Lewis (1932, p. 586-538) as about 
2000 feet, and by Dickerson (1937, p. 418) as 1000 to 1500 feet. For 
Santa Clara Province, Dickerson reports a continuous section of 1300 
feet in the low hills northwest of Sagua la Grande. Rutten (1936, p. 29) 
refrains from estimating the thickness of the aptychi-bearing Vifales 
limestone of northern Santa Clara Province because of the lack of index 
horizons and the presence of complicated structures, but his sections show 
that the limestone is very thick. 


LITHOLOGIC FEATURES 


The Vifiales limestone (Aptychus formation of some authors) was de- 
fined by De Golyer (1918, p. 139) as including the hard, blue, massive- 
appearing limestone forming the central portions of the Sierras Rosario 
and Organos in Pinar del Rio Province. Subsequently, it has been dis- 
cussed briefly by many writers either in connection with the petroleum 
possibilities of Cuba, or the age of the formation, or the regional geology 
of Cuba. These discussions, already sufficiently summarized by Schuchert 
(1936, p. 514-521), show that the Vifiales limestone consists mainly of 
dark-gray to black, fairly thin-bedded limestone but includes considerable 
amounts of dark shale and chert. The limestone is compact, generally 
not visibly crystalline, cut by a fine network of calcite veins, hollowed by 
many caverns and solution cavities, and weathers bluish or whitish. The 
chert is black, brownish red, or purple and is generally much fractured. 
Biologically, the formation is characterized by many aptychi, rare and 
generally poorly preserved ammonites, abundant Radiolaria, and some 
plant material. Topographically, it weathers into vertical-walled masses, 
called mogotes, that rise abruptly to considerable heights above rela- 
tively flat-floored valleys underlain by schists and phyllites of the so- 
called San Cayetano formation. These limestone mogotes, according to 
Meyerhoff (1938, pp. 280-284), characterize the advanced stages of de- 
velopment of karst topography. 

Generalized sections of the Vifiales limestone of the various provinces 
show that the formation remains remarkably uniform lithologically. In 
the mountains north of Candelaria in Pinar del Rio Province, the “top of 


4“ 
a 
fi 
fe 
a 
al 
ol 
al 
M 
fo 
U 
st 
hi 
Sa 
So 


VINALES LIMESTONE 1421 


the Jurassic section is formed by sheer cliffs of hard gray and gray-black, 

thin-bedded limestones interbedded with thin seams of brownish shale, 

which weathers white. Some iron is disseminated through the strata and 

there are occasional lenses of chalcedony” (Brown and O’Connell, 1922, 
645). 

’ In a company report of October 1933, Butt describes the Vifales lime- 

stones of Piner del Rio Pre: ince as follows: 


“They are dark gray to black in color and occur in beds ranging from one inch 
to three feet in thickness. Interbedded with them in some places are one to three 
inch layers of black chert. Locally they are somewhat crystalline but generally 
they are not, nor do they show evidence of having been subjected to the meta- 
morphosing agencies which have affected the [underlying] San Cayetano formation.” 

The Vifiales limestone of Matanzas Province has been described by 
W. D. Chawner in a company report as being thin-bedded to massive, 
friable, locally odlitic and fragmental, and containing much organic shale 
and some dark chert. 

In northern Santa Clara Province the Vifiales limestone contains odlites. 
According to Rutten (1936, p. 10), it 


‘Ss built up largely by limestones and, to a much smaller extent, by cherts, whereas, 
locally, marls and sandstones or intercalated layers of tuff occur. The limestones 
are monotonous, dull, grey or greyish-blue, sometimes reddish, dense, and well to 
finely bedded. Intercalated are layers and lenses of dark dense cherts. In some 
localities occur grey-brown, fine-grained, sandstones——.” 


In Camagiiey Province the Vifiales limestones, according to Mac- 
Gillavry (19387, p. 7), 


“are rather monotonous and lithologically much the same as those of northern 
Santa Clara and of Pinar del Rio Province. They are buff to greyish blue, fine- 
grained, compact and generally thin-bedded; they are mostly full of Radiolaria and 
a certain amount of asphalt seems to be always present. Other members are cherts 
and radiolarites.” 

STRATIGRAPHIC BOUNDARIES 


The Vifiales limestone is overlain with apparent conformity by tufface- 
ous beds of great thickness containing intercalations of limestone, chert, 
and shale that become less common toward the top and are probably of 
early Upper Cretaceous age (Rutter, 1936, p. 7; Vermunt, 1937, p. 15; 
MacGillavry, 1937, p. 10-12; Thiadens, 1937, p. 11, 12). Judging from 
formational distribution, Dickerson (1937, p. 419) considers that the 
Upper Cretaceous beds probably lie unconformably on the Vifiales lime- 
stone. 

The relationship of the Vifiales limestone to the underlying group of 
highly folded, metamorphosed formations, generally referred to as the 
San Cayetano formation, has been a subject of considerable dispute. 
Some writers (De Golyer, 1918, p. 140) have insisted that the San Caye- 
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tano formation overlies the Vifiales limestone, and others (Metcalf, in 
Lewis, 1932, p. 553; Vermunt, 1937, p. 5-8) have insisted that the Vifiales 
limestone is a facies within the San Cayetano formation, but the opinion 
of geologists (Lewis, 1932, p. 536; Dickerson and Butt, 1936, p. 116-118) 
who have done the greatest amount of field work in Cuba, is that the 
Vifiales limestone overlies the San Cayetano formation with angular un- 
conformity. The superposition of the Vifales limestone is shown likewise 
by the topographic relationship of the limestone to the San Cayetano 
shales and phyllites (Meyerhoff, 1938, p. 281) and by its fauna being 
younger than that of the San Cayetano formation. 

Evidence for an angular unconformity between these formations con- 
sists of differences in degree of metamorphism and folding, and the 
absence of certain faunas normally present in a complete sequence. Most 
writers (Brown and O’Connell, 1922, p. 644, 654; Lewis, 1932, p. 534-536; 
Dickerson and Butt, 1935, p. 116) agree that the San Cayetano schists, 
phyllites, quartzitic sandstones, and marbles are much more metamor- 
phosed and strongly folded than the Vifnales limestone, although Vermunt 
(1937, p. 5-10) does not believe that the two formations can be separated. 

One of the clearest statements on the subject was made by Butt in a 
company report of October 1933, as follows: 


“T am still of the opinion that the Vifiales limestones lie upon the San Cayetano 
formation with probable angular unconformity. Throughout the Organos Mountains 
from Guane to San Diego de los Bafios the San Cayetano formation is very com- 
plexly folded and its members have been considerably metamorphosed. Its sand- 
stone members have become quartzitic and its shale members phyllitic, as a result 
of the deformational movements to which they have been subjected. The Vifiales 
limestones, in contrast, while considerably faulted, are neither as complexly folded 
nor do they have the crystalline nature they would undoubtedly show had they the 
same history as the members of the San Cayetano formation. This difference in 
complexity of folding and in degree of metamorphism between these two formations 
cannot be explained, in my opinion, by greater competency on the part of the 
Vifiales formation for there are many sandstone members in the San Cayetano 
formation which are equally as competent as the thin Vifiales limestones.” 


Likewise bearing on differences in degree of metamorphism is a sig- 
nificant statement by Dickerson (1937, p. 419) as follows: 


“Jurassic fossils of Oxfordian age have been found in place in limy concretions 
embedded in phyllites in Pinar del Rio Province. At one such locality, La Jaguey 
Vieja, bitumens were picked from the center of a large ammonite collected from a 
concretion in place. Upon analysis, the fixed carbon was 79.4 per cent, calculated 
on an ash-free, water-free basis. Mario Sanchez Roig has published two other 
analyses of bitumens directly associated with Jurassic fossils. Of these, sample No. 1 
gives a carbon ratio of 83.4 per cent, and sample No. 2 [of] 57.5 per cent. These 
carbon ratios are notably high when compared with those obtained from analyses 
of bitumens probably yielded by Vifiales limestone——. A bitumen collected from 
a locality near Baracoa gave a carbon ratio of 29 per cent; another from Loma 
Zambumbia, Santa Clara Province, had a coke residue of 30 per cent. This residue 
possibly contained 5 per cent ash. The difference between the two sets of carbon 
ratios and fixed carbon gives a measure of the comparative metamorphism of San 
Cayetano formation and the Vifiales limestone.” 
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Fossil evidence of an angular unconformity between the San Cayetano 
and Vifales formations, based on the absence of certain faunas that 
should normally be present if the sequence were complete, was first pre- 
sented by Dickerson and Butt (1935, p. 116-118). They showed that the 
previously described Argovian-lower Kimmeridgian fossils, supposedly 
from the Vifiales limestone, actually were derived from the San Cayetano 
formation but had been mixed in places with float from the overlying 
Vifiales limestone. They claimed that the fossils of the Vifales limestone 
are of much younger early Lower Cretaceous age, thereby indicating that 
much of the Upper Jurassic is not represented by sediments in Cuba. The 
present work substantiates their main contentions, although placing the 
entire Vihales limestone in the Portlandian stage of the late Jurassic. 


ORIGIN 


The Vinales limestone was “deposited in quiet waters on the continental 
shelf” (Schuchert, 1935, p. 514). This is indicated by distinct and gen- 
erally thin bedding, included plant debris, high bituminous content, and 
the general absence of structure and texture suggestive of deposition in 
agitated waters. Deposition was probably in the deeper part of the 
neritic zone as indicated by the rarity of bottom-living mollusks, by the 
relatively much greater abundance of ammonites, by the scarcity of sand- 
stones, and perhaps by the presence of layers of Radiolaria-bearing chert. 
Local shallows subjected to considerable wave action are suggested by 
the presence of odlites in northern Camagiiey and Santa Clara provinces. 
Deposition must have been fairly rapid considering the great thickness 
of sediments that accumulated during a minor fraction of the Upper 
Jurassic. 

FOSSILS 
LOCALITIES 


The fossils examined are from 45 localities of which 11 are in Pinar del 
Rio Province, 29 in Santa Clara Province, and 5 in Camagiiey Province. 
Most of the fossils, including all from Pinar del Rio and Santa Clara 
provinces, were collected by geologists of the Atlantic Refining Company 
of Cuba; only a few fossils from four localities in Camagiiey Province 
were collected by others. Therefore, it is considered practical and of 
possible future utility to use the company’s laboratory numbers on index 
maps and fossil lists. The company’s collections given to the Geological 
Survey have received a second set of numbers that will be included in the 
locality descriptions for purposes of cross reference. The general posi- 
tion of each locality is shown on Figures 1 to 4. Detailed descriptions 
of localities are given in Table 1: 
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TasBLe 1—Fossil localities in the Vinales limestone 


C . Mesozoic Description of locality, collector, and date 
1 localities 
ocalities 
11285 | On farm of Ismael Hernandez, about 1 mile SW. of Minas on 
railroad between Camagiiey and Nuevitas, Camagiiey 
Province. F. L. Wilde, 1922. 
60 14455 | Onnorth side of main road, between Santa Clara and Camajuani, 
5km. W. of crossing of main road in Camajuani with the Ferro- 
carril Central, Santa Clara Province. Roy E. Dickerson, 1928, 
105 14721 | Cantera, 1 km. N. of Zulueta, Santa Clara Province. R. H. 
Palmer, 1929. 
127 14679 | Cut, 1 km. from station of Central Carmita, Santa Clara 
Province. R. H. Palmer, 1929. 
142 14722 | Loma Yaguey, 3 km. N. of Iguara, about 11 km. 8. of Yaguajay, 
Santa Clara Province. R. H. Palmer, 1929. 
178 15351 | Vista Hermosa, 8 miles 8S. of Sagua la Grande, Santa Clara 
Province. R. H. Palmer, 1929. 
180 Loma Manuelita, 6 miles S. of Sagua la Grande, Santa Clara 
Province. R. H. Palmer, 1929. 
184 Hill about 1 km. S. of Sitio Grande and on west side of road, 
Santa Clara Province. R.H. Palmer, 1929. 
205 One-half km. NW. of Rancho Veloz on south side of road, 
Santa Clara Province. R. H. Palmer, 1929. 
211 San Rafael, 4 miles SW. of Cifuentes, Santa Clara 
Province. R. H. Palmer, 1929. 
213 La Trocha, 2 miles SW. of Chinchilla and 5 miles W. of Sagua 
la Grande, Santa Clara Province. R. H. Palmer, 1929. 
215 15352 | North slope of Loma Pentén, 6 miles W. of Sagua la Grande, 
Santa Clara Province. R.H. Palmer, 1929. 
217 North slope of Loma Pentén, 6 miles W. of Sagua la Grande, 
Santa Clara Province. Lower in section than locality 215. 
R. H. Palmer, 1929. 
220, 221 Three and one-half miles NE. of Cifuentes and 1 km. N. of 
Central Unidad station at Los Angeles, between Cifuentes and 
Mata, Santa Clara Province. R.H. Palmer, 1929. 
226 Six miles E. of Cifuentes and 1.1 miles N. of Central Lutgarda 
near Mata, Santa Clara Province. R. H. Palmer, 1929. 
234 15353 | Alacranes, 3 km. W. of Central Santa Teresa which is 4'/; miles 
S. of Sagua la Grande, Santa Clara Province. R. H. Palmer, 
1929. 
237 Boulders from foot of hill 2144 km. W. of Corralillo, Santa 


Clara Province. R. H. Palmer, 1929. 
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1—Fossil localities in the Vinales limestone—Continued 


Atlantic 


U.S. G. 5S. 

Betning Mesozoic Description of locality, collector, and date 

Company | jocalities 

localities 

246 15357 +| Colonia Guines, 13 miles NW. of Sagua la Grande on road to 
San Ramén, Santa Clara Province. R.H. Palmer, 1929. 

248 Loma Margarita. 13 miles W. of Sagua la Grande, Santa Clara 
Province. R.H. Palmer, 1929. 

249 One km. E. of Hojalata which is 3.7 km. NE. of Quemado de 
Guines, Santa Clara Province. R.H. Palmer, 1929. 

250 15358 | Santa Rita, 5 miles S. of Cifuentes, Santa Clara Province. 
R. H. Palmer, 1929. 

251 15359 | Railway cut between O’Reilly and San Francisco, on north end 
of Loma San Francisco, 16 miies W. and 5 miles N. of Sagua 
la Grande, Santa Clara Province. R. H. Palmer, 1929. 

252 15360 | One km. N. of Placetas, Santa Clara Province. R.H. Palmer, 
1929. 

257 15361 | Loma Carmita near Central Carmita which is 12 miles NE. of 
Santa Clara and 214 miles SE. of Vega Alta, Santa Clara 
Province. R.H. Palmer, 1929. 

259 15362 | Small hill on north side of Arroyo Canoa, 114 miles NW. of 
Vega Alta, Santa Clara Province. R.H. Palmer, 1929. 

268 15363 | Northeast slope of Loma Sabanilla, 214 miles N. of Central 
Ramona, Santa Clara Province. R. H. Palmer, 1929. 

269 15363 | West slope of Loma Sabanilla, 214 miles N. of Central Ramona, 
Santa Clara Province. Same beds as at locality 268. R. H. 
Palmer, 1929. 

2372 Sierra Camajdn, 2.8 kilometers northeast of main road between 
Minas and Camagiiey, about 2 km. W. of Plazolita (known 
also as Magdalena and Yaguajay), Camagiiey Province. 
Roy E. Dickerson and N. E. Weisbord. 

5138 16712 | Hill 1200 to 1400 meters N. 50° W. of Puerta del Ancén, Pinar 
del Rfo Province. R. E. Dickerson, Emilio Aleman, Antonio 
Martinez, W. H. Butt, 1933. 

5165 Puerta del Ancén, float in field on west side, 100 feet south of 
highest point on road over pass, Pinar del Rio Province. 
R. E. Dickerson, Emilio Aleman, and Antonio Martinez, 1933. 

5211 On El Toro trail, about 400 meters from end, Pinar del Rio 
Province. Roy E. Dickerson and Emilio Alemdn, 1934. 

5216 16714 | Just northwest of La Catalina, a small village about 8 km. NW. 


of San Diego de los Bajios, Pinar del Rio Province. Fossils 
collected not more than 50 feet above base of Vifales lime- 
stone, according to Dickerson. Roy E. Dickerson, Emilio 


Alemén, W. H. Butt, 1934. 
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Taste 1—Fossil localities in the Vinales limestone—Continued 


Atlantic 
Refining 
Company 
localities 


U.S. G. 8. 
Mesozoic 
localities 


Description of locality, collector, and date 


5229 


On trail 500 meters E. of Hoyo El Rosario and 5 km. N. of 
Puerta La Muralla which is a place on the mountain front 
5 km. N. 70° W. of San Cristébal, Pinar del Rio Province, 
Roy E. Dickerson and Emilio Aleman, 1934. 


5230 


In field east of trail on northeast side of Hoyo El Rosario and 
700 meters NW. of locality 5229, Pinar del Rfo Province, 
Roy E. Dickerson and Emilio Alem4n, 1934. 


5231 


On trail to Hoyo El Rosario on west side of Rfo San Francisco 
and 1 km. N. of Puerta La Muralla which is a small place 
5 km. N. 70° W. of San Cristébal, Pinar del Rio Province. 
Roy E. Dickerson and Emilio Aleman, 1934. 


5246 


Five hundred feet above small tributary to the Rfo Honda on 
finca (estate) of Rafael Begoa, Pinar del Rfo Province. Roy 
E. Dickerson, 1934. 


5256 


About 120 meters S. of mountain front and 1000 meters N. 80° E. 
of house of Mamerto Paz which is 500 meters N. 20° W. of 
Ginebra, a small store 6 km. N. of Candelaria, Pinar del Rfo 
Province. Roy E. Dickerson and Emilio Aleman, 1934. 


5264 


West side of Canyon of Rfo Santa Cruz, about 200 feet above 
river, and 3 km. W. of Ginebra, a small store 6 km. N. of 
Candelaria, Pinar del Rio Province. Roy E. Dickerson and 
Emilio Aleman, 1934. 


5271 


Two hundred meters N. 40° E. of chimney of Central Carmita at 
kilometer 119 on the Tarafa Railroad between Santa Clara and 
Camajuanf, Santa Clara Province. Roy E. Dickerson, 1934. 


5272 


Five hundred meters N. of chimney of Central Carmita, Santa 
Clara Province. Roy E. Dickerson, 1934. 


7539 


Northwest slope of Loma Sabanilla, 214 miles N. of Central 
Ramona, Santa Clara Province. About same locality as 269. 
D. W. Gravell, John Klecker, and Emilio Alemdn, 1941. 


18579 


Near shafts sunk for oil on southern slope of a hill on the Regla 
Finca, 3 to 4 km. W. of Minas on the Camagiiey-Nuevitas 
branch of the Cuban railroad, Camagiiey Province. Fossils 
from conglomerate zone in limestone. Thomas P. Thayer, 


18580 


Five hundred feet away from locality 18579. Thomas P. 
Thayer, 1941. 


18581 


Just inside boundary of Regla Finca on north slope of low hill 
about three-fourths of a mile E. of locality 18579. Thomas 


P. Thayer, 1941. 


18653 


Bafios de Soroa, about 5 miles NW. of Candelaria, Pinar del 
Rio Province. Probably collected by N. E. Weisbord. 
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STATE OF PRESERVATION 


The fossils of the Vifiales limestone consist mainly « ’ poorly preserved, 
distorted, internal molds retaining some shell materia:. A few silicified 
fossils are fairly well preserved, although having porous surfaces that do 
not permit magnification. Suture lines generally cannot be traced. Spe- 


\ 


al “age de 


Ficure 2—Map of fossil localities in Pinar del Rio Province 
All numbers represent localities of the Atlantic Refining Company of Cuba. 


cifically determinable fossi|s available for the present study include about 
400 normal ammonites, 150 uncoiled ammonites, and 65 aptychi. 


ANALYSIS OF FAUNA 


The Vifales limestone fauna discussed herein (Table 2) includes 23 
species of normally coiled ammonites, 4 of uncoiled ammonites, 7 of 
aptychi, and 1 cephalopod beak. The gastropods, pelecypods, brachio- 
pods, echinoids, corals, and sponges are represented by a few fragmentary 
specimens not worth description. The cephalopods are distributed among 
22 genera of which one is new. Of the ammonites, 11 species are new, 
5 are identical or closely comparable with Mexican species, 1 is com- 
pared with an Argentinian species, 2 are compared with Alpine-Medi- 
terranean species, and 8 are not specifically determinable. Most of the 
aptychi are identical with species from southern Europe. The affinities 
of the normal ammonites are predominantly with the late Jurassic am- 
monites of Mexico and Argentina and to a lesser extent with those of the 
Alpine-Mediterranean and Indian provinces. The affinities of the un- 
coiled ammonites and aptychi are predominantly with the early Lower 
Cretaceous faunas of the Alpine-Mediterranean province and slightly 
with any known late Jurassic faunas. 
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The Phylloceratidae are represented by one species of Phylloceras; the 
Oppelidae by two species of Metahaploceras; the Haploceratidae by two 
species of Hildoglochiceras and one of Pseudolissoceras; the Aspido- 
ceratidae by a few immature or fragmentary specimens of Simoceras, 
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Ficure 3—Map of fossil localities in Santa Clara Province 
All numbers represent localities of the Atlantic Refining Company of Cuba. 


Virgatosimoceras?, Aspidoceras, and Physodoceras; and the Perisphinc- 
tidae by two species of Virgatosphinctes. The Berriasellidae are well rep- 
resented by seven genera and nine species. Corongoceras is well known 
from Argentina, Algeria, and southern Europe but has not been recorded 
previously from North America. Dickersonia, n. gen., includes two 
species whose inner whorls are similar to Corongoceras but whose outer 
whorls develop simple Berriasella-like ribbing and appear to be most 
similar to forms from the latest Jurassic of India. Micracanthoceras is 
represented by only a few immature forms. Durangites includes two 
species closely related to or identical with Mexican species. The genus 
has not been recorded previously outside Mexico. Lytohoplites is re- 
ferred to the Berriasellidae rather than the Neocomitidae, because of its 
rounded whorl section and the persistence of its ventral groove. Its 
occurrence in Cuba is of unusual interest, as it has been recorded previ- 
ously only from Argentina, where it is confined to a narrow zone at the 
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Portlandian-Tithonian boundary. Parodontoceras includes two species 
characterized by unbranched ribs in the adult and comparable with 
species from the Tithonian of Mexico and the Berriasian of France. 
Berriasella is doubtfully represented by one species. The Olcostephanidae 
are represented by one specimen doubtfully referred to Spiticeras. 
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Ficure 4—Map of fossil localities in Camagiiey Province 


Only number 2372 represents a locality of the Atlantic Refining Company of Cuba. The 
remaining numbers represent localities for the U. 8. Geological Survey. 


The family relationships of the uncoiled ammonites are highly uncer- 
tain, but provisionally the Cuban species referred to Leptoceras? may be 
assigned to the Ancyloceratidae, and the species referred to Hamulina? 
and Ptychoceras? may be assigned to the Lytoceratidae. 

All the aptychi in the Cuban collections belong to the form genus 
Lamellaptychus Trauth. The single cephalopod beak is identified with 
Hadrocheilus Till. 
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CORRELATION 


The Vifiales limestone fauna is correlated with the upper part of the 
Portlandian stage of the late Jurassic on the basis of the known ranges 
of its normally coiled ammonite genera and the similarity, or identity, of 
some of its species with upper Portlandian species of Mexico and Argen- 
tina. The ranges of some of the genera are as follows: 

Metahaploceras, Kimmeridgian and Portlandian. 

Hildoglochiceras, upper Kimmeridgian?, Portlandian, and Tithonian. 

Pseudolissoceras, Portlandian. 

Simoceras, Portlandian and Tithonian. 

Aspidoceras, Kimmeridgian to Tithonian. 

Physodoceras, Kimmeridgian and Portlandian. 

Virgatosphinctes, upper Kimmeridgian to Tithonian. 

Corongoceras, upper Portlandian and lower Tithonian. 

Micracanthoceras, upper Portlandian and Tithonian. 

Durangites, upper Portlandian. 

Lytohoplites, upper Portlandian and lower Tithonian. 

Parodontoceras, upper Portlandian to Berriasian. 


The Portlandian age of the above assemblage is indisputable, although 
genera, such as Pseudolissoceras, Corongoceras, and Lytohoplites, known 
from only a few species, may have longer ranges than indicated. Meta- 
haploceras is common in the Kimmeridgian and rare in Portlandian. 
Hildoglochiceras is common in the Portlandian, rare in the Tithonian, and 
questionably present in the Kimmeridgian. Pseudolissoceras is associ- 
ated with Subplanites and Virgatosphinctes in the lower Portlandian of 
Argentina and Mexico, but in Europe it appears to range through the 
Portlandian. Simoceras is apparently most common in the Tithonian. 
Aspidoceras is a characteristic late Upper Jurassic genus. Physodoceras 
is rare above the Kimmeridgian. Virgatosphinctes is rare below the 
Portlandian. Corongoceras in Argentina ranges from just above the beds 
with Pseudolissoceras to the lowest beds with Substeweroceras. Du- 
rangites has been found at many places in Mexico, either associated with 
Kossmatia, or just below beds containing Substeueroceras. Its presence 
in Cuba is considered very strong evidence of the upper Portlandian age 
of the beds in which it occurs. Lytohoplites has been reported previously 
only from Argentina, where it occurs in the lowest bed containing Sub- 
steueroceras and Protacanthodiscus as well as in the underlying bed. 
Parodontoceras in Mexico is not known below the Tithonian but in 
Argentina is reported also in the upper Portlandian just above beds con- 
taining Pseudolissoceras. . 

Further evidence of a Portlandian age is furnished by comparisons of 
the Cuban species with the most similar species of Mexico, Argentina, 
and Eurasia, as shown in Table 3. 
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An upper rather than lower Portlandian age for the Vinales limestone 
is indicated by the ranges of the ammonite genera and of the similar 
species. Corongoceras, Micracanthoceras, Durangites, Lytohoplites, and 
Parodontoceras are not known below the upper Portlandian. Meta- 
haploceras, Physodoceras, and Durangites are not known above the 
Portlandian. Corongoceras and Lytohoplites are not known above the 
basal beds of Tithonian age in Argentina. Most of the similar species 
are upper Portlandian or younger. The only suggestion of a lower 
Portlandian age for the Vinales limestone is furnished by specimens of 
Pseudolissoceras comparable with species from Argentina and Mexico, 
where the genus is known only from the lower Portlandian. However, 
in Europe Pseudolissoceras is not so narrowly restricted, and in Cuba 
specimens showing the simple sutures characteristic of the genus were 
obtained at localities 5216 and 7539 in association with other genera not 
known below the upper Portlandian. 

The fossil assemblage at locality 5216, near La Catalina in Pinar del 
Rio Province, is of particular stratigraphic importance, as it was obtained, 
according to Roy E. Dickerson (personal communication), only a few 
feet above the base of the Vifales limestone. Most of the species at 
locality 5216 occur likewise in the same region at localities 5231 and 5229 
which Dickerson considers are some hundreds of feet higher strati- 
graphically. Furthermore, all other fossil localities of the Vifiales lime- 
stone of Cuba show a community of species with the localities mentioned 
above. Most of them are definitely upper Portlandian, and none indi- 
cates lower Portlandian. Therefore, it may be doubted whether any part 
of the Vinales limestone is lower Portlandian. 

Nothing in the fauna of the Vifiales limestone suggests the Kim- 
meridgian stage. Even the long-ranging species of aptychi are entirely 
unlike the aptychi in the Mazapilites and Idoceras beds of the Kim- 
meridgian of Mexico, judging by about 25 specimens in the collections of 
the University of Michigan. Likewise, nothing in the fauna suggests the 
Tithonian stage of latest Jurassic, which is represented in Mexico and 
Argentina by beds containing many species of Substeueroceras. Con- 
sidering the reported great thickness of the Vinales limestone, its restric- 
tion to the upper Portlandian is surprising, although in the Placer de 
Guadalupe District of Chihuahua, Mexico, the Portlandian is represented 
by a similar great thickness. However, the presence of late Upper Jurassic 
rocks in Cuba is not surprising as rocks of that age are known from 
Trinidad (Spath, 1939, p. 187-189) and from the Gulf region of Mexico 
(Burckhardt, 1930, p. 94-96, 266; Muir, 1936, p. 11-17; Kellum, 1937, 
p. 39, 40, 69-71, 86-91, Pl. 9, figs. 1-6, 12). 


if 
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Previous correlations (Schuchert, 1935, p. 514-516; Dickerson and Butt, 
1935, p. 116-118; Trauth, 1936, p. 66-68; Rutten, 1936, p. 10; Vermunt, 
1937, p. 5, 8, 12; MacGillavry, 1937, p. 7, 8) with the Lower Cretaceous 
were based mainly on the identity of the aptychi and the similarity of the 
uncoiled ammonites to species in the early Lower Cretaceous deposits of 
the Alpine-Mediterranean region. Among the six identical species and 
varieties of aptychi, three have not been reported previously from beds 
older than the Lower Cretaceous. The richness in form and number of 
uncoiled ammonites in the Vifales limestone of Cuba contrasts markedly 
with the scarcity of uncoiled ammonites in Upper Jurassic deposits of 
other parts of the world but compares favorably with their abundance 
in the Lower Cretaceous. Association of the aptychi and uncoiled am- 
monites with normally coiled ammonites in the same beds of the Vifiales 
limestone permits no doubt as to their Portlandian age and suggests that 
aptychi must be used with caution in detailed stratigraphic work. This 
unusual association in Cuba probably explains the perplexities of some 
geologists (O’Connell, 1921, p. 1; Lewis, 1932, p. 943, 944; Vermunt, 1937, 
p. 5-12) who found limestones containing supposed Cretaceous aptychi 
intercalated with shales containing Upper Jurassic ammonites. 

Further confusion and controversy concerning the age of the Vinales 
limestone has resulted from the assumption by collectors that the Argo- 
vian-lower Kimmeridgian ammonites described by Sanchez Roig (1920) 
and O’Connell (1920) were obtained from the Vifales limestone or from 
its float. This assumption was based on the fact that most of the fossils 
were found on the slopes bordering the vertical-walled hills of Vifales 
limestone. It was corrected by Dickerson and Butt (1935, p. 116-118) 
who, on the basis of considerable field work, determined that the ammo- 
nites actually occur in the phyllites of the San Cayetano formation but 
have been mixed locally with float from the overlying Vifiales limestone. 
At many places, they collected older Jurassic (Argovian-lower Kim- 
meridgian) ammonites from concretions in the San Cayetano formation. 
Nowhere did they observe similar concretions in the Vifiales limestone. 
Their observations and contentions are substantiated by the present study 
which shows that the Vifiales limestone is not older than the Portlandian, 
is probably not older at its base than the upper Portlandian, and is de- 
cidedly younger than the Argovian-lower Kimmeridgian fossils previously 
described. 

The ammonites of the San Cayetano formation, described in part by 
Sanchez Roig and O’Connell, have been discussed by Burckhardt (1930, 
p. 61, 62), Spath (1931, p. 400, 592, 593), and Arkell (1939, p. LXIV) and 
have been studied considerably in both Europe and America. The fossils 
of Sanchez Roig have been examined and commented on independently 
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by Burckhardt and Spath, who seem to agree as to their age. Concerning 
these fossils Burckhardt says (translation) : 


“An examination of this material shows at once that many determinations by 
M. Sanchez Roig should be rectified. Thus Perisphinctes lagunitasensis (pl. I, 
fig. 1, 1c) does not belong to that species, but to the group of P. promiscuus Buk.; 
P. durangensis (I, 2) does not belong to that species, P. durangensis (II, 4) belongs 
to the group of P. polyplocus Rein., P. aff. wartaeformis (III, 6; VI, 1) belongs to 
the group of P. lictor Font.; P. delgadoi (IV, 2) belongs to the group of P. frequens 
Oppel; P. aff. elisabethae (IV, 3) is near to P. frequens Oppel, P. cf. biplexr (V, 3-4) 
is closely related to P. triplicatus albus Qust. The Simburskites (IX, 1-4) are Peri- 
sphinctes, in part (2, 4) of the group of P. virgulatus Qust.; Kossmatia (X, 1-1a) 
and Idoceras (X, 6-7; XI, 1-5) do not belong to these genera but are true Per 
sphinctes; Idoceras aguilerae (X, 6) belongs to the group of Perisphinctes poly- 
gyratus Rein., Berriasella aff. oppelli (XII, 1, la-b) is a Perisphinctes equally of the 
group of P. polygyratus, Haploceras fialar (XIV, 3-5) belongs to the group of 
Oppelia lingulata Qust., Nebrodites (XIV, 1-2) and the Awcellas are doubtful; 
finally Perisphinctes virgulatus (VIII, 5-5a) is related to P. frequens Oppel. 

“After these rectifications, the existence of the middle and upper Kimmeridgian 
and of the Portlandian at Vifiales has not been proven as yet. On the other hand 
the ammonites examined by me indicate with certainty the presence of the zone of 
Peltoceras bimammatum (Perisphinctes cf. lucingensis Choffat, P. aff. bipler rotundus 
Qust., P. aff. virgulatus Qust., P. aff. triplicatus albus Qust. in Engel) and of the 
zone of Persphinctes polyplocus (P. aff. capillaceous Font. [pl. IX, 4, 1 ¢], P. gr. 
lictor Font., P. aff. frequens Oppel, P. aff. polyplocus Rein.).” 


Some of the names used by Sanchez Roig have been corrected by Spath 
(1931, p. 400, 592, 593) as follows: 


CorrEcTION BY SPATH Usace By SANCHEZ Roia 
Vinalesphinctes roigt Spath...................... Aspidoceras sp., p. 30, Pl. 12, fig. 2. 
Vinalesphinctes niger Spath............ — cf. colubrinus Reinecke, p. 19, 

Prososphinctes n. sp........... oe aff. agrigentinus E. Favre, p. 31, Pl. 14, 
gs. 2, 2a. 
Prososphinctes n.sp....... Kossmatia zacatecana Burckhardt, p. 44, Pl. 10, figs. 1, la. 
Prososphinctes subconsociatus Spath........... Perisphinctes?, p. 23, Pl. 7, figs. 3, 3a. 
Biplices? sp. ........ Perisphinctes lagunitasensis Burckhardt, p. 12, Pl. 1, figs. 1, 1a. 
Euaspidoceras vinalense Spath............ Aspidoceras aff. laevigatum Burckhardt, 
p. 29, Pl. 13, fig. 2 
Euaspidoceras o’connelli (Sanchez Roig)...... Asmidoceras o’connelli Sanchez Roig, 
p. 30, Pl. 13, figs. 1, la. 

The groups of perisphinctids mentioned by Burckhardt in the above 
quotation have been discussed in considerable detail by Spath (1931, p. 
397-403, 443-446) and by Arkell (1936, p. XXXIII-XLVI; 1937, p. 
XLVII-LIV; 1939, p. LV-LXIV; 1940, p. LXV) and have been placed in 
various genera and subgenera. The group of Perisphinctes promiscuus 
Bukowski has been placed in Biplices by Spath and in Kranaosphinctes 
by Arkell. The group of P. polygyratus (Reinecke) has been placed in 
Planites by Spath and in Biplices by Arkell, who rejects Planites as an 
invalid name. The groups of P. polyplocus (Reinecke) and P. lictor 
(Fontannes) belong to Atazioceras. The group of P. virgulatus (Quen- 
stedt) belongs to Discosphinctes. The forms that Burckhardt referred 


to the group of P. frequens Oppel (i. e., Virgatosphinctes) are certainly 
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incorrectly referred and probably belong to Dichotomosphinctes or Dis- 
cosphinctes. The forms described by O’Connell (1920, p. 648-680, Pls. 
34-36 in part) as Perisphinctes cubanensis, P. delatorii, and P. plicatiloides 
should probably be referred to Dichotomosphinctes rather than Biplices 
as indicated by the forward curvature of their secondary ribs. 

All these perisphinctid genera occur in the upper Oxfordian (Argovian) 
stage, and most of them do not range above it. However, Atazioceras 
and Discosphinctes attain their greatest development in the lower Kim- 
meridgian. Whether Kimmeridgian is represented in the fauna of the 
San Cayetano formation will have to be determined by detailed study, 
but certainly none of the described species suggests an age as young as 
the zone of Idoceras balderus of late lower Kimmeridgian. 

Comparisons of the Upper Jurassic faunas of Cuba with equivalent 
faunas of Mexico and Argentina (Table 4) indicate that the Cuban sec- 
tion is much less complete than sections in other regions bordering the 
Gulf of Mexico (Table 5) and that the unconformity between the San 
Cayetano and Vifales formations involves parts of the Kimmeridgian 
and Portlandian stages. Possibly future fossil discoveries will show that 
the Cuban Jurassic includes beds of other ages than now recognized, but 
present evidence shows that the Kimmeridgian was a time of uplift in 
Cuba, as in many parts of North America. 

Thus the Nevadian orogeny of the west coast, according to Reed (1941, 
p. 106) and Taliaferro (1941, p. 125, 134, 151), occurred after the deposi- 
tion of the Mariposa slate containing Kimmeridgian fossils and before the 
deposition of the Knoxville formation containing Portlandian fossils. The 
Mariposa slate includes Kimmeridgian species of Amoeboceras, which, 
according to Spath (1933, p. 864; 1935, p. 72), ranges from the middle 
part of the upper Oxfordian (Argovian) to the lower part of the middle 
Kimmeridgian. The presence of this ammonite indicates that the Ne- 
vadian orogeny did not reach its greatest intensity until late Kim- 
meridgian time. 

Likewise, in the western interior the Kimmeridgian was a time of uplift 
marking the beginning of deposition of terrestrial deposits of the Morrison 
formation (Baker, Dane, and Reeside, 1936, p. 9, 58-63). It is extremely 
doubtful whether any of the underlying marine deposits are as young as 
Kimmeridgian. 

In Mexico marked changes in the characteristics of the sediments 
occurred in late Oxfordian or early Kimmeridgian time. The light-gray, 
thick-bedded limestone and yellowish sandstone of Oxfordian age were 
overlain by large amounts of dark shale, marl, sandstone, and locally 
gypsiferous and carbonaceous deposits that probably reflected topographic 
and climatic changes on the land masses surrounding the Mexican sea 
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(Imlay, 1940b, p. 393-396). An unconformity in the marginal areas of 
the Mexican geosyncline during earliest Kimmeridgian time is suggested 
by thick masses of gypsum in the Sierra Madre Oriental, by conglomerates 
in the southern Coahuila, and by the apparent absence in northern Mexico 
of beds containing Sutneria of the group of S. platynota Reinecke. 

In the Gulf region of the United States the unconformity at the base of 
the Cotton Valley formation was probably developed during late Ox- 
fordian or early Kimmeridgian time, judging by the fossils obtained from 
the underlying Smackover limestone. The large quantities of gravel 
throughout the lower part of the Cotton Valley formation imply much 
higher bordering land masses than during the deposition of the Smackover 
limestone (Imlay, 1940a, p. 16-27; 1941, p. 256-261). Furthermore, the 
coarsening of these formations toward the north and east indicates the 
source of the sediments (Imlay, 1940a, p. 15, 21, 27) and suggests that 
the region of the present Southern Appalachian Mountains was a high- 
land during Upper Jurassic time. Possibly the Palisade disturbance, 
which formed block mountains in eastern North America from Nova 
Scotia to the Carolinas, occurred during the Upper Jurassic. At present, 
it is dated as being younger than the Newark group of Upper Triassic 
age and older than the Potomac group of early Lower Cretaceous age. 
However, th: evidence of: (1) a pronounced unconformity in the middle 
of the Upper Jurassic sequence of Cuba and of the Gulf region of the 
United States and (2) highlands east and north of the Gulf Coast Jurassic 
sea suggest a late rather than early Jurassic age for the disturbance. 
There was ample time during latest Upper Jurassic and Lower Cretaceous 
for peneplanation of the highlands before marine transgression across the 
Atlantic Coast in the early Upper Cretaceous. 


ECONOMIC SIGNIFICANCE 


Study of the fossils of the Vifiales limestone of Cuba has led to con- 
clusions of potential economic significance: (1) The oil-bearing Vifiales 
limestone is of late Upper Jurassic age; (2) part of the underlying 
metamorphosed San Cayetano formation is of early Upper Jurassic age; 
(3) an unconformity is present between these formations and is of Kim- 
meridgian-lower Portlandian age, corresponding roughly with the uncon- 
formity developed during the Nevadian orogeny of the Pacific Coast 
region; (4) no undoubted Lower Cretaceous has yet been discovered in 
the West Indies; and (5) the Jurassic history of Cuba is similar in major 
features to that of other regions bordering the Gulf of Mexico. Applica- 
tion of these conclusions toward forming a clearer picture of Jurassic and 
Lower Cretaceous events should aid in the search for mineral deposits by 
showing their time of origin and possible distribution. Recognition of an 
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important unconformity in the middle of the petroliferous Upper Jurassic 
sequence should be of particular value in explorations for petroleum in 
the deeply buried rocks of the lands bordering the Gulf of Mexico. The 
unmetamorphosed Vifales limestone is a potential source of commercial 
petroleum. 

In Cuba these conclusions will be useful in dating the intrusions of 
metalliferous serpentines and granitoid rocks and thereby defining the 
areas in which ore deposits may be found. Knowledge of the age of 
igneous intrusions in structurally complex areas will help the petroleum 
geologist to determine the kind and throw of faults and the probable depth 
at which the petroliferous Vifiales limestones may be encountered. The 
position of the Vifiales limestone is of prime importance in considering 
the possible presence of oil in reservoir rocks of Upper Cretaceous or 
Tertiary age. Confirmation of the occurrence of unconformities both 
above and below the Vifiales limestone may likewise have a bearing on 
oil exploration. 

The Upper Jurassic rocks of the Gulf region of the United States have 
furnished large quantities of petroleum only in southern Arkansas and 
northern Louisiana but are possible sources of petroleum in an arcuate 
belt extending from Del Rio, Texas, northeastward to Arkansas and from 
there southeastward to southwestern Alabama. The probability of find- 
ing suitable reservoir beds throughout this area is increased by the recog- 
nition of pronounced orogenic movements during the Upper Jurassic in 
the lands bordering the Gulf region. Judging from the Upper Jurassic 
section of Arkansas and Louisiana, a considerable depression of the Gulf 
of Mexico occurred during the same time as uplift in the surrounding 
land masses and permitted the accumulation of a great thickness of sedi- 
ments. Although the Upper Jurassic orogeny may have been greatest in 
Cuba, its effects from the viewpoint of petroleum accumulation may be 
greater elsewhere. 

The Upper Jurassic rocks of the Gulf region of Mexico are petroliferous 
but have not been adequately tested for oil production. The sequence of 
formations is remarkably similar to that of Arkansas and Louisiana, 
and the geologic. history must likewise have been very similar. Of par- 
ticular interest is the marked change in conditions of sedimentation at 
the end of Oxfordian time, or the beginning of Kimmeridgian time, which 
resulted in thick-bedded limestones being overlain by coarse clastic sedi- 
ments that include gypsum and coal in their basal part. The change ap- 
pears to coincide with the development of the disconformity between the 
Smackover limestone and the Cotton Valley formation of Arkansas and 
to be distantly related to the middle Upper Jurassic orogeny of Cuba. 
Detailed studies of the Jurassic rocks exposed in the mountains of eastern 
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Mexico would be very valuable to geologists interested in petroleum pos- 
sibilities of the deeply buried Jurassic rocks of the Gulf region. 


SYSTEMATIC DESCRIPTIONS 


Genus Phylloceras Suess, 1865 


Phylloceras pinarense Imlay, n. sp. 
(Plate 1, figures 1-9) 


This species is represented in the collections by about 100 specimens and is the 
most common of the normally coiled ammonites. Form discoidal, compressed. 
Whorls elongate-ovate, higher than wide, becoming relatively higher during growth, 
thickest on lower fourth of flanks, embracing preceding whorls almost completely. 
Flanks broad, gently convex. Venter narrowly rounded, becoming narrower during 
growth. Umbilicus narrow, becoming wider during growth, wall steeply inclined, 
rounding rather abruptly into flanks. 

The inner whorls (Pl. 1, figs. 1-4) are ornamented with fine, closely-spaced riblets 
that cross the flanks nearly radially and are strongest on the venter. These riblets 
become fainter anteriorly and are not visible on the lower part of the flanks at 
diameters greater than about 25 mm. They persist on the venter and on the 
upper part of the flanks at greater diameters but gradually change to striae that 
tend to be bundled and are rather strongly inclined forward. No radial swelling or 
furrows present at any growth stage. 

Accurate dimensions are difficult to obtain, because many of the specimens have 
been compressed, and most of them have been much weathered on one side. The 
specimen shown on Figures 6-9 of Plate 1 appears to be nearly undeformed. At 
a diameter of 78 mm. its whorl height is 44 mm., its whorl thickness is 27 mm., and 
its umbilical width on the left side is 13 mm. 

This species is unlike any described species from North or South America. It 
shows considerable resemblance to Phylloceras serum (Oppel) (in Zittel, 1868, p. 66, 
Pl. 7, figs. 5a-c, 6a-c) from the late Jurassic of southern Europe, but the adult has a 
wider umbilicus, a more narrowly rounded venter, and weaker ribbing. The wider 
umbilicus is probably due, in part, to the absence of shell material. Phylloceras 
tethys D’Orbigny (1841, p. 174, Pl. 53, figs. 7-9, Pl. 41, figs. 3, 4; Pictet and 
Loriol, 1858, p. 17, Pl. 3, figs. la, b) from the Neocomian of southern Europe is 
likewise very similar but apparently has stronger ribbing and a more evenly 
rounded venter on the adult whorls. 

Types: Holotype, U. S. National Museum 103378; 3 figured paratypes, U. S. 
National Museum 103379a-c; 13 nonfigured paratypes, U. S. National Museum 
103380a-m. 

OccurrENCE: Vifiales limestone. Atlantic Refining Company of Cuba locality 
5216. 

Genus Metahaploceras Spath, 1925 
Metahaploceras cf. M. mazapilense (Burckhardt) 
(Plate 2, figures 11-13) 


One internal mold is tentatively referred to Metahaploceras. Whorls elongate- 
ovate in section, much higher than wide, thickest in the lower third of the flanks, 
embracing preceding whorls almost completely; flanks broad and nearly flat; venter 
narrowly rounded. Umbilicus very narrow, wall low and vertical. 

The ribbing is falciform but poorly preserved and is visible only at the anterior 
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end of the mold. The lower parts of the flanks are ornamented with fine riblets and 
striae which curve forward to the middle of the flanks, recurve sharply backward just 
above the middle, and then curve forward again. On the ventrolateral margins 
appear fairly prominent, widely spaced folds which curve strongly forward but do 
not cross the venter. 

The figured specimen at a diameter of 36 mm. has a whorl height of 19.5 mm., a 
whorl thickness of 11 mm., and an umbilical width of 6 mm. 

As far as preservation permits comparisons, this specimen seems to belong to 
“Phylloceras” mazapilense Burckhardt (1906, p. 125, Pl. 34, figs. 1-7, 19; 1930, Table 
4, p. 50, 52, 69, 70) from the lower and upper Portlandian beds of the Mazapil regjon 
of Zacatecas, Mexico. 

Ficurep Specimen: U.S. National Museum 103381. 

OccurRENCE: Vifiales limestone. Atlantic Refining Company of Cuba locality 
5216. 

Metahaploceras? sp. 
(Plate 2, figures 8-10) 


One silicified internal mold is placed provisionally in Metahaploceras rather than 
Haploceras or Neochetoceras, because its ribbing develops indistinct branching 
on the upper part of the flanks and is only gently falciform. It has a high and 
narrow whorl section, flattened flanks, narrowly rounded venter, and extremely 
narrow umbilicus. The indistinct prorsiradiate riblets and striae of the lower 
part of the flanks recurve gently backward just above the middle of the flanks 
and merge into numerous, stronger ribs that curve forward rather strongly on 
the upper part of the flanks and on the venter. The ribs attain their greatest 
strength on the ventrolateral shoulders, are nearly as wide as the interspaces, and 
tend to bifurcate on the upper third of the flanks. 

The figured specimen, at a diameter of 32 mm., has a whorl height of 17.5 mm., 
a whorl thickness of 10 mm., and an umbilical width of 3 mm. 

This species is much like Metahaploceras mazapilense (Burckhardt) (1906, p. 
125, Pl. 34, figs. 1-7, 19) in whorl section but has a narrower umbilicus and does 
not develop widely spaced, prominent folds on the ventrolateral margins. Its 
omamentation considerably resembles some of the coarser-ribbed species of Hap- 
loceras, such as Haploceras costatum Burckhardt (1906, p. 96, Pl. 25, figs. 1-10), but 
it is distinguished by the presence of rib-branching and a different whorl shape. On 
most species of Haploceras the venter is more broadly rounded, the ribbing is more 
falciform, and the place of greatest forward curvature of the ribs is lower on the 
flanks. 

Ficurep Specimen: U. S. National Museum 103382. 

OccurrENcE: Vifiales limestone. Atlantic Refining Company of Cuba locality 
7539. 

Genus Pseudolissoceras Spath, 1925 
Pseudolissoceras cf. P. zitteli (Burckhardt) 
(Plate 4, figures 1-4, 7, 8, 11, 12) 


This species is represented by more than 45 specimens, of which most are frag- 
mentary, calcareous, internal molds. However, 18 specimens from Loma Sabanilla 
in Santa Clara Province are silicified. Form discoidal, compressed. Whorls sub- 
ovate in section, higher than wide, thickest a little above the middle of the flanks, 
embracing about three fourths; flanks broad and nearly flat; venter evenly rounded 
on inner whorls, narrowly rounded on outer whorls. Umbilicus narrow, becoming 
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wider during growth; wall low, vertical, rounding abruptly into flanks on outer 
whorls. 

The whorls are marked with faint, gently falciform riblets and striae that are 
inflected forward most strongly near the middle of the flanks. 
Dimensions in mm. are as ‘follows: 


Greatest Whorl Whorl Umbilical 
Specimen diameter height thickness width 


Some fragments show that the species attains a diameter of several inches. 

The simple suture line is characteristic of Pseudolissoceras and contrasts markedly 
with the much more complicated suture line of Haploceras. The first lateral lobe 
is about twice as long as the siphonal lobe, is very broad, and bears a 
number of short, nearly equal-sized branches. The second lateral lobe is very 
short and small. Several auxiliary lobes are visible. Siphonal saddle broad, 
asymmetrically divided by a secondary lobe into two branches, of which the outer 
is higher. First lateral saddle about half the size of the siphonal saddles, asym- 
metrically divided. 

The Cuban specimens are considered to represent a single species, although 
they vary somewhat in the relation of whorl height to thickness, in the degree of 
rounding of the upper part of the umbilical wall, and in the umbilical width. 
Similar variations noted in the described species of Pseudolissoceras have not been 
considered as worthy of varietal names. Most of the Cuban specimens correspond 
so closely with the figures of the Argentinian P. zitteli (Burckhardt) (1903, p. 55, 
Pl. 10, figs. 1-8; Haupt, 1907, p. 200, Pl. 7, figs. 3a, b, 4a-c; Krantz, 1928, p. 18, 
Pl. 1, fig. 6) that separation as a variety does not seem advisable. However, one 
of the specimens (Pl. 4, figs. 1-3) has a wider umbilicus than the others and 
possibly should be compared with P. subrasile (Burckhardt) (1906, p. 127, PI. 
34, figs. 8-14), from the lower Portlandian of Mexico, or to P. rasile (Oppel) (in 
Zittel, 1870, p. 173, Pl. 28, figs. 2, 3a-c), from the Portlandian of southern Europe. 
The Cuban specimens of Pseudolissoceras are associated with other ammonites of 
definite upper Portlandian age. In Mexico and Argentina the genus is known only 
from the lower Portlandian. European records indicate that the genus ranges 
through the Portlandian. 

Ficurep Specimens: U.S. National Museum 103383a, b, 103384a, b; 8 nonfigured 
specimens, U. S. National Museum 103385, 103386a-c, 103445a-d. 

Occurrence: Vifiales limestone. Atlantic Refining Company of Cuba localities 
268, 5216, 5229, 5231, 7539. 


Genus Hildoglochiceras Spath, 1924 
Hildoglochiceras cf. H. grossicostatum Imlay 
(Plate 2, figures 3-5) 

Two fragmentary internal molds retaining some shell material show the charac- 
teristic ornamentation of Hildoglochiceras. Whorls ovate in section, much higher 
than wide, thickest near middle of flanks, embracing most of preceding whorls; 
flanks broad and nearly flat, rounding evenly into venter, sloping gently toward 
umbilicus; venter narrowly rounded and keeled. 
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The whorls are ornamented with a prominent, narrowly rounded keel, sicklelike 
ribs and striae, and a weak spiral groove. The striae curve forward on the lower 
half of the flanks to the spiral groove, then backward to the upper third of the 
flanks, and then strongly forward. On the ventrolateral margins they pass into 
low, faleoid ribs which approach the keel at a sharp angle but generally flatten 
out before reaching it. The spiral groove is broad and shallow, occurs slightly 
above the middle of the flanks, and is bounded dorsally by a faint swelling. 

This species is more like Hildoglochiceras grossicostatum Imlay (1939, p. 27, 
Pl. 2, figs. 5-11; Pl. 3, figs. 1-7, 9-11) than any other described species but has 
slightly finer ribbing. All the Indian species with similar ribbing are much less 
involute. Of these, H. colei Spath (1931, Pl. 99, fig. 6; Pl. 68, fig. 8, pl. 81, figs. 4a, 
b; Pl. 82, fig. 4) is the most similar. 

Ficurep Specimens: U. S. National Museum 103387a, b. 

Occurrence: Vifiales limestone. Atlantic Refining Company of Cuba locality 
5138. 

Hildoglochiceras cf. H. alamense Imlay 
(Plate 2, figures 1, 2, 6, 7) 


Two specimens are probably identical specifically with Hildoglochiceras alamense 
Imlay (1939, p. 30, Pl. 4, figs. 6-9, 11, 12). The whorls are much higher than 
wide, the flanks are flattened, and the umbilicus is very narrow. The smaller 
specimen retains the shell and shows fine striae curved in the sigmoidal manner 
characteristic of the genus. Its venter is merely sharpened posteriorly but develops 
a low, rounded keel anteriorly. The larger specimen, preserved mainly as an internal 
mold, shows a well-developed spiral groove and traces of forwardly inclined 
ribbing on the venter. As the specimen is poorly preserved, the venter in most 


places appears to be merely sharpened, but there are indications that the shell 
bore a keel. 
Dimensions in mm. are as follows: 


Greatest Whorl Whorl Umbilical 
diameter height thickness width 


11.5 5.5 2.5 
23 12 (?) 6.5 


Ficurep Specimens: U.S. National Museum 103388a, b. 
OccurreNce: Vifiales limestone. Atlantic Refining Company of Cuba locality 
5138. 
Genus Simoceras Zittel, 1870 
Simoceras sp. juv. cf. S. volanense (Oppel) 
(Plate 3, figures 2, 3) 


One small, silicified specimen is the sole representative of Simoceras. Whorls 
subquadrate in section, slightly wider than high, thickest near middle of flanks, 
barely embracing; flanks gently convex, becoming flatter anteriorly; venter flat and 
shouldered. Umbilicus very wide and shallow; wall very low, rounding evenly 
into flanks, becoming steeper anteriorly. 

The ribs are broad, prominent, begin at the line of involution, incline forward 
gently on the flanks, and terminate in prominent tubercles on the ventrolateral 
shoulders. The ventral tubercles are connected by broad, weak ribs. The mid- 
ventral line is nearly smooth. 
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At a diameter of 11 mm., the whorl height and thickness are each about 3 mm,, 
and the umbilical width is 6 mm. 

This specimen appears to be similar to the European Simoceras volanense (Oppel) 
(1863, p. 231, Pl. 58, figs. 2a, b; Zittel, 1870, p. 213, Pl. 32, figs. 7-9), as well as the 
South American form S. aff. S. volanense (Oppel) described by Krantz (1928, p. 13, 
Pl. 3, fig. 7). 

Ficurep Specimen: U.S. National Museum 103389. 

OccurrENCcE: Vifiales limestone. Atlantic Refining Company of Cuba locality 
268. 

Genus Virgatosimoceras Spath, 1925 
Virgatosimoceras? sp. 
(Plate 3, figures 8-10) 


One large fragment of an outer whorl retains considerable shell material. Whorl 
subquadrate in section, as wide as high, thickest below middle, barely embracing; 
flanks gently convex; venter broadly rounded; umbilical wali low, steeply inclined, 
rounding rather abruptly into flanks. 

The shell is ornamented with strong ribs and minute radial striae. The ribs curve 
backward on the upper part of the umbilical wall, recurve rather abruptly low on 
the flanks, incline forward slightly on the flanks, and cross the venter transversely 
or with a gentle forward arching. They are broad at their base, rounded or sharp- 
topped, of varying prominence, are weakest on the venter, and are widely but 
variably spaced. Some ribs remain simple, but most of them bifurcate on the upper 
third or fourth of the flanks. One rib bifurcates on the lower fourth of the flank, 
and both branches bifurcate again on the upper fourth. The thickness of the shell 
on the venter is about 5 mm. 

The figured specimen at its anterior end has a whorl height and thickness of about 
43 mm. 

No described species of the Simoceratinae is very similar. Virgatosimoceras al- 
bertinus (Catullo) (in Zittel, 1870, p. 222, Pl. 34, figs. la-d) at a comparable size has 
a broader venter and stronger ribs of which all bifurcate low on the flanks. Virga- 
tosimoceras rothpletzi (Schneid) (115, p. 88, Pl. 4, figs. 1-1c; Pl. 7, figs. 2, 3-3b) has a 
similar whorl shape and type of rib branching, but its ribs are stronger and more 
widely spaced. 

Ficurep SpecIMEN: U.S. National Museum 103390. 

OccurRENCE: Vifiales limestone. Atlantic Refining Company of Cuba locality 
5216. 

Genus Aspidoceras Zittel, 1868 
Aspidoceras spp. 
(Plate 3, figures 4, 12, 13) 


Two specimens from the Vifiales limestone definitely belong to this genus. The 
larger specimen, preserved as a calcareous internal mold, has a depressed whorl sec- 
tion, a broad, gently rounded venter, and two closely associated rows of prominent 
spines. The outer and larger row of spines marks the place of greatest whorl thick- 
ness. The spines of the inner row are generally paired with those of the outer row 
and are on the upper margin of the umbilical wall. There is a suggestion of broad, 
ventral undulations connecting the spines. 

The smaller specimen is only 9.5 mm. in diameter, but it agrees in general 
form and ornamentation with the larger. As a result of silification the spines are 
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excellently preserved and project nearly a mm. from the shell. At its anterior end 
the whorl height is 4 mm., and the whorl thickness is 6.5 mm., exclusive of the spines. 
The larger specimen is comparable to the immature forms of the European Aspi- 
doceras rogosniciense (Zeuschner) (in Zittel, 1868, p. 116, Pl. 24, figs. 4, 5-5d), although 
its spines are a little more closely spaced, and its ventral undulations are not nearly 
so strongly developed. The Mexican species, A. alamitocensis Castillo and Aguillera 
(1895, p. 48, Pl. 22, fig. 6; Pl. 23), is likewise very similar but probably has fewer 
spines per whorl. 
Ficurep SpecrMENS: U.S. National Museum 103391, 103392. 
OccurRENCE: Vifales limestone. Atlantic Refining Company of Cuba localities 268, 
5216. 
Genus Physodoceras Hyatt, 1900 
Physodoceras sp. 
(Plate 3, figure 11) 


One fragment shows a form with’a narrow umbilicus, a steep umbilical wall, 
broadly rounded flanks, several radially elongate umbilical tubercules, and extremely 
fine, closely spaced striae. The striae trend forward on the umbilical wall and on 
the lower part of the flanks but recurve near the middle of the flanks and are radial 
or rursiradiate on their upper part. The surface is slightly undulent but not ribbed. 

The narrow umbilicus and single row of umbilical tubercles show that this species 
belongs in Physodoceras rather than Aspidoceras. Physodoceras is common in the 
Kimmeridgian and rare in the Portlandian. However, P. cyclotus (Oppel) (in 
Zittel, 1870, p. 201, Pl. 30, figs. 2-5) is known from the Portlandian of Europe and a 
similar species (Krantz, 1928, p. 10, Pl. 1, fig. 1) from the Portlandian of South 
America. 

Ficurep SpeciMEN: U.S. National Museum 103393. 

OccurrENcES: Vifiales limestone. Atlantic Refining Company of Cuba locality 
5216. 

Genus Virgatosphinctes Uhlig, 1910 
Virgatosphinctes cristébalensis Imlay, n. sp. 
(Plate 4, figure 13) 


The species is represented definitely only by the type but probably includes several 
associated fragments of immature forms as well as a small specimen not from the 
type locality. 

The outer whorl of the type has been smashed, but the penultimate whorl that 
appears to be undeformed is higher than wide, subquadrate in section, and thickest 
on the lower part of the flanks. The amount of involution is about two fifths. 
Flanks flattened, rounding rather abruptly into the moderately wide, flattened 
venter. Umbilicus moderate in width; wall low, vertical at base, rounding abruptly 
into flanks. 

The ribbing of the inner whorls of the type specimen agrees, as far as observation 
permits, with that of the small specimen shown by Figures 5 and 6 of Plate 4. On 
the latter, the ribs are narrowly rounded and rather closely spaced. They begin at 
the line of involution, curve backward on the umbilical wall, incline forward strongly 
on the flanks, and cross the venter transversely without diminution in strength. 
Most of the ribs bifurcate on the upper third of the flank, but a few trifurcate, and 
a few remain simple. There are 5 or 6 narrow constrictions on each whorl. The 
constrictions are generally preceded by a trifurcating or virgatomous rib and suc- 
ceeded by a simple rib. 
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On the type specimen the ribbing of the penultimate whorl is like that just de- 
scribed, but the fureation points are a little lower. On the outer whorl the primary 
ribs become more widely spaced and are swollen on the umbilical shoulder into 
prominent bulges from which pass bundles of virgatomous ribs with as many as 5 
to 8 ribs in each bundle. Branching occurs at various heights from the lower third 
to the upper third of the flanks. A constriction is followed by a simple rib, but all 
the other ribs are virgatomous. The suture line is not preserved. 

The penultimate whorl of the holotype has a whorl height of 28 mm., and a whorl 
thickness of 20 mm. The small figured specimen (PI. 4, figs. 5, 6), at a diameter of 
44 mm., has a whorl height of 16 mm., a whorl thickness of 13 mm., and an umbilical 
width of 16 mm. 

This species has Temarkably similar ornamentation to that of V. frequens (Oppel) 
(1865, p. 295, Pl. 87; Uhlig, 1910, p. 325, Pl. 63, figs. la-c, 2, 3a-c; Pl. 75, figs. la-c; Pl. 
75A, figs. la-c) but is less involute, has a more compressed whorl section, and develops 
thickened primary ribs at a much smaller size. A fragmentary specimen from the 
lower Portlandian of the Mazapil region of Mexico was described by Burckhardt 
(1906, p. 118, Pl. 32, fig. 2) as Virgatttes sp. ind., but it is certainly a Virgatosphinctes 
similar to the Cuban species and to V. frequens (Oppel). 

Howoryre: U.S. National Museum 103394. 

OccurRENCE: Viiiales limestone. Atlantic Refining Company of Cuba locality 5229, 
Virgatosphinctes cf. V. cristébalensis Imlay (U. S. National Museum 103395) was 
obtained at locality 5246. 


Virgatosphinctes aff. V. rotundidoma Uhlig 
(Plate 2, figure 14) 


About 20 poorly preserved specimens represent an evolute, widely umbilicated 
species whose ribs are rather low, narrowly rounded, closely spaced, inclined slightly 
forward, and of which a little more than half bifurcate above the middle of the 
flanks. This species in form and ornamentation is similar to V. rotundidoma Uhlig 
(1910, p, 318, Pl. 52, figs. la-c; Pl. 53, fig. 1) but on the largest whorl has a greater 
frequency of single ribs and more ventrad fureation points. Virgatosphinctes dense- 
plicatus (Waagen) (1875, p. 201, Pl. 46, figs. 3a-b; Pl. 55, figs. la, b; Spath, 1981. 
p. 532, Pl. 77, figs. 3a-c; Pl. 90, fig. 1, Pl. 96, figs. 3a, b; Pl. 102, fig. 4) has similarly 
dense ribbing in its inner whorls but develops thickened, distant primary ribs at an 
early stage and is less evolute. 

Ficurep Specimen: U.S. National Museum 103396. 

OccurrENCE: Vifiales limestone. Atlantic Refining Company of Cuba localities 
5216, 5229, 5231. 

Genus Corongoceras Spath, 1925 
Corongoceras filicostatum Imlay, n.sp. 
(Plate 5, figures 1-16) 


The species is represented by 35 silicified specimens of which most are fragments of 
inner whorls. Whorls subhexagonal in section, wider than high in early growth stages, 
becoming higher than wide in mature growth stages, thickest on lower part of flanks, 
embracing to the lateral tubercles, or about two fifths of the preceding volution; 
flanks evenly rounded in early stages, flattened in later stages; venter flattened and 
fairly narrow. Umbilicus fairly wide and shallow; wall low and rounding evenly 
into flanks. 
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The ornamentation consists of ribs and of lateral and ven... tubercles. The 
ribs begin at the line of involution, curve backward on the umbilical wall, incline 
forward moderately on the lower part of the flanks, recurve slightly on the upper 
part of the flanks, and cross the venter transversely. They are triangular in sec- 
tion, threadlike on the flanks but become broader above and are fairly coarse on the 
venter. On the innermost whorls to a diameter of about 15 mm., most of the ribs 
are simple. At greater diameters most of the ribs bifurcate or trifureate a little 
above the middle of the flanks. Both simple and forked ribs bear lateral and ventral 
tubercles at diameters greater than about 5 mm. The lateral tubercles are small, 
acute, variable in size, and occur along a well-defined zone on the upper two fifths 
of the flanks. The ventral tubercles at all growth stages are larger and longer than 
the lateral tubercles and project laterally and outwardly. The ribs connecting the 
lateral with the ventral tubercles are commonly arranged in a zigzag fashion, but in 
places a pair of ribs issuing from a lateral tubercle terminate in a single ventral 
tubercle. Constrictions are pronounced on inner whorls. 

The holotype (PI. 5, figs. 12, 14, 15) at a diameter of 52 mm. has a whorl height of 
19 mm., an estimated whorl thickness of 15 mm., and an umbilical width of 20 mm. 
The corresponding measurements of the paratype shown by Figures 5-7 of Plate 5 
are 30 mm., 11 mm., 11 mm., and 12 mm. One specimen (PI. 12, fig. 2) probably 
belonging to this species has a diameter three times greater than the holotype. 

This species is placed in Corongoceras rather than Protacanthodiscus Spath (1923, 
p. 305): (1) because of the appearance of tubercles at an early age, (2) the uniform 
strength of the tubercles and their presence on all ribs, (3) the ribs branching high 
on the flanks, and (4) the absence of a smooth band on the venter. 

Corongoceras filicostatum closely resembles C. alternans (Gerth) (1925, p. 89, Pl. 6, 
figs. 3, 3a) from the lower Tithonian of Argentina but may be distinguished by the 
greater regularity in strength of its ribs and tubercles. Corongoceras mendozanum 
(Behrendsen) (1891, p. 399, Pl. 25, figs. 2a-c), from slightly older beds, has coarser 
ribs and weaker tubercles. Corongoceras lotenense Spath (1925, p. 144; Haupt, 1907, 
p. 201, Pl. 9, figs. 7a-e) has wider-spaced ribbing and a broader venter, but the 
sculpture of its inner whorls is very similar. 

Types: Holotype, U. S. National Museum 103397; 8 figured paratypes 103398, 
103399, 103401a-f; 11 nonfigured paratypes 103402. 

OccurrENcE: Vifiales limestone. Atlantic Refining Company of Cuba localities 
248, 268, 5229, 7539. 

Dickersonia Imlay, n. gen. 


This genus has strongly tuberculate inner whorls that are nearly identical with 
those of Corongoceras, but its outermost whorl completely lacks tubercles and is 
ornamented only by bipartite ribbing similar to that of Berriasella. It is easily 
distinguished from Berriasella by its lack of umbilical tubercles at any stage of growth, 
by the presence of prominent lateral tubercles on the inner and intermediate whorls, 
and by the rather widely spaced rows of prominent ventral tubercles on the im- 
mature whorls. The simplification of the ornamentation during growth is exactly 
the opposite of that of Blanfordiceras, although the inner whorls of the two genera 
are somewhat similar in lateral aspect. Protacanthodiscus is distinguished from 
Dickersonia by the presence of umbilical tubercles, by the irregular occurrence of 
lateral tubercles, and by the increasing complexity of the ornamentation during 
growth. 
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Dickersonia is represented in the Cuban collections by two species, of which D. 
sabanillensis Imlay is designated as the genotype. Form discoidal, compressed, 
moderately evolute. Inner whorls subhexagonal in section, wider than high, strongly 
convex on flanks, flattened on venter. Outer whorls subovate in section, higher 
than wide, flattened on flanks, broadly rounded on venter. Umbilicus fairly wide, 
Umbilical wall fairly low, rounding abruptly into flanks on outer whorls. Shell orna- 
mented with simple and bifurcating ribs and with lateral and ventral tubercles, 
The ribs curve backward on umbilical wall, incline forward gently on flanks, and 
cross venter nearly transversely. On the inner whorls all ribs bear acute lateral 
tubercles and slightly stronger ventral tubercles, are highest and widest on the upper 
part of the flanks, and are reduced in strength on the venter. During growth the 
tubercles become less prominent, the ribs become higher and narrower, and the ven- 
tral thinning of the ribs becomes less pronounced. The largest outer whorls are 
not tuberculated and are ornamented by high, narrowly rounded ribs that are 
strongest on the venter. Accompanying the loss of tuberculation, the furcation points 
become less distinct, and intercalary ribs appear. Constrictions are deep and nar- 
row, and are particularly pronounced on the inner whorls. The suture line is un- 
known. 

No Mexican or South American species referable to Dickersonia have been de- 
scribed. Some of the immature ammonites from the Salt Range of India, placed 
by Spath (1939, p. 43-48, Pls. 4-6 in part) in Blanfordiceras, considerably resemble 
the immature forms, or inner whorls, of Dickersonia in lateral aspect but have an 
entirely different ventral aspect. However, one species described by Spath (1939, 
p. 47, Pl. 6, fig. 9; Pl. 18, figs. 7a, b; Pl. 20, figs. 7a, b) as Blanfordiceras (gen. nov.?) 
sp. nov. possibly belongs to Dickersonia but is more coarsely ribbed than the Cuban 
species. It is associated with an ammonite assemblage which Spath (1939, p. 124, 


125) considers Tithonian. 


Dickersonia sabanillensis Imlay, n. sp. 
(Plate 6, figures 9-12, 14-20) 


This species is represented by 15 silicified, fragmentary specimens showing nearly 
all the growth stages. Whorls in early growth stages subhexagonal in section and 
wider than high, in later growth stages subovate in section and higher than wide, 
thickest near the middle of the flanks, embracing to the lateral tubercles or about 
two fifths of the preceding whorl. Flanks strongly convex in earliest growth stages; 
later becoming flattened and subparallel below the lateral tubercles but converging 
markedly above to the venter; in mature forms nearly flat below but rounding 
evenly above into venter. Venter flattened and moderately broad on innermost and 
on the intermediate-sized whorls, but broadly rounded on the outer whorls. Umbili- 
cus fairly wide; wall low, rounding evenly into flanks on inner whorls, rounding 
abruptly on outer whorls. 

The ornamentation consists of fairly closely spaced ribs and of lateral and ventral 
tubercles. The ribs begin at the line of involution, curve backward on the umbilical 
wall, incline forward moderately on the flanks, and cross the venter transversely. 
The character of the ribbing changes considerably with age. On the inner whorls 
the ribs are threadlike on the lower part of the flanks, rather broad on the upper 
part of the fianks and on the venter, and are reduced in strength on the venter. 
During growth the ribs on both flanks and venter become high and narrow, and 
the ventral thinning becomes less pronounced. On the adult whorls the ribs are 
highest and strongest on the venter. On the innermost whorls about half of the 
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ribs bifureate, and on the outer whorls nearly all the ribs bifurcate along a well- 
defined zone a little above the middle of the flanks. All ribs bear small, acute tuber- 
cles of slightly variable size along the zone of furcation. All ribs terminate ventrally 
in acute tubercles that are nearly uniform in strength and are slightly larger than the 
lateral tubercles. Both lateral and ventral tubercles become less prominent during 
growth and are absent on the largest whorls. Concomitant with the disappearance 
of the tubercles the furcation points become less distinct, and some intercalary ribs 
appear. There are five or six deep, narrow constrictions on each whorl. Generally, 
the rib anterior to the constriction is somewhat larger than average. Suture line un- 
known. 

The holotype (PI. 6, figs. 14, 15) at a diameter of 41 mm. has a whorl height of 
14 mm., a whorl thickness of about 15 mm., and an umbilical width of 17 mm. The 
corresponding measurements of the paratype shown by Figures 11 and 12 of Plate 6 
are 21.5 mm., 9 mm., 10 mm., and 8.5 mm. 

This species differs from Dickersonia ramonensis Imlay by its weaker and more 
closely spaced ribs and tubercles on the inner whorls, thicker ribs on the outer 
whorls, the disappearance of tubercles at an earlier stage, and a slightly wider venter. 

Types: Holotype, U. S. National Museum 103403; 5 figured paratypes, 103404a-e; 
8 nonfigured paratypes 103405a-h. 

OccurrENcE: Vifiales limestone. Atlantic Refining Company of Cuba localities 


211(?), 215, 217, 268, 7539. 


Dickersonia ramonensis Imlay, n. sp. 
(Plate 6, figures 1-8) 


This species is represented by 25 silicified specimens. Whorls in early stages sub- 
hexagonal in section and wider than high, in later stages subovate in section and 
higher than wide, thickest near middle of flanks, embracing about two fifths. Flanks 
in early stages rather strongly rounded below and converging markedly toward the 
venter, later flattened below and rounding evenly above. Venter flattened and 
fairly broad on innermost and intermediate-sized whorls, broadly rounded on outer 
whorls. Umbilicus fairly wide; wall fairly low, rounding evenly into flanks on 
inner whorls, rounding abruptly on outer whorls. 

The ornamentation consists of moderately spaced ribs and of lateral and ventral 
tubercles. The ribs curve backward on the umbilical wall, incline gently forward 
on the flanks, and cross the venter transversely. On the inner whorls the ribs are 
fine on the lower part of the flanks; broad on the upper part of the flanks and on 
the venter; and are somewhat reduced in strength on the venter. During growth 
the ribs become high, narrow, more closely spaced, and the ventral thinning less 
pronounced. On the largest known whorl (PI. 6, figs. 2, 3) the ribs on the venter 
are excavated on their posterior sides and are not reduced in strength along the 
midline. On the inner whorls about half the ribs bifurcate, and on the outer whorls 
nearly all the ribs bifurcate slightly above the middle of the flanks. All ribs bear 
acute tubercles along the zone of furcation, and all ribs terminate ventrally in some- 
what stronger tubercles. The tubercles are prominent on the inner whorls but de- 
crease in strength during growth and are absent on the largest whorls. There are 
five or six deep, narrow constrictions on each whorl. Suture line unknown. 

The holotype (PI. 6, fig. 8) at a diameter of 43 mm. has a whorl height of about 
18 mm. and an umbilical width of 15 mm. The paratype (PI. 6, figs. 4, 5) at a 
diameter of 20 mm. has a whorl height of 7 mm., a whorl thickness of 9 mm., and 
an umbilical width of 9 mm. 
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The inner whorls of this species are intermediate in coarseness of ornamentation 
and width of section between those of Dickersonia sabanillensis Imlay and Corongo- 
ceras filicostatum Imlay. The outer whorls differ from those of C. filicostatum by 
complete lack of tuberculation and much more closely spaced ribbing. The speci- 
men (U.S. National Museum 103410) shown in Figure 13 of Plate 6 is considerably 
corroded but appears to have finer and more widely spaced ribbing than is typical of 
D. ramonensis. 

Types: Holotype, U. S. National Museum 103406; 4 figured paratypes, U. S. Na- 
tional Museum 103407a-d; 12 nonfigured paratypes, U. S. National Museum 
103408a-i, 103409a-c. 

OccurrENcE: Vifiales limestone. Atlantic Refining Company of Cuba localities 
105(?), 268, 5231(?), 7539. 


Genus Micracanthoceras Spath, 1925 
Micracanthoceras sp. juv. 
(Plate 4, figures 9, 10, 14-16) 


The genus is represented by three small specimens which show several inner whorls, 
The specimen shown in Figures 14 and 16 of Plate 4 may be described as follows: 
whorls ovate in section, wider than high, embracing about one third; flanks evenly 
convex; venter broadly rounded. Umbilicus moderately wide; wall vertical at base, 
rounding evenly into flanks. Ribs high, narrow, strongly prorsiradiate on the flanks, 
nearly transverse on the venter. On the posterior part of the outer whorl most of 
the ribs are simple. On the anterior part about two thirds of the ribs bifurcate a 
little below the middle of the flanks. The bifurcation points are swollen but not 
tuberculate. 

The specimen shown in Figures 9 and 10 of Plate 4 differs from that just described 
by its more depressed whorl section and by its slightly coarser, less forwardly inclined 
ribbing. The largest fragment (PI. 4, fig. 15) has nearly straight ribs which bifurcate 
at the middle of the flanks and are slightly swollen at the points of furcation. The 
general appearance of these specimens is much like that of Micracanthoceras alamense 
Imlay (1939, p. 45, Pl. 9, figs. 3-12), from the Tithonian of Mexico. 

Ficurep Specimen: U. 8S. National Museum 10341la, b, 103412. 

OccurRENCE: Vifiales limestone. Atlantic Refining Company of Cuba localities 
268, 7539. 

Genus Durangites Burckhardt, 1910 
Durangites ef. D. acanthicus Burckhardt 
(Plate 3, figures 5-7) 


One small, silicified fragment of part of a whorl shows the essential features of the 
genus Durangites. Whorl ovate in section, slightly wider than high; flanks gently 
convex; venter nearly evenly rounded, slightly flattened along midventral line. 
Umbilical wall steeply inclined at base, rounding evenly into flanks. 

The ornamentation consists of many high, narrow, straight, tuberculate ribs which 
are nearly radial on the umbilical wall and on the flanks, cross the venter transversely 
at the posterior end of the fragment but at the anterior end incline forward as a 
gentle sinus. Nearly all ribs bifurcate at or slightly below the middle of the flanks. 
The points of furcation are elevated but not tuberculated. All ribs terminate 
ventrally in radially compressed tubercles of varying prominence. Generally every 
other pair of secondary ribs terminates ventrally in a single tubercle of considerable 
prominence. Thus, four ventral tubercles correspond to three primary ribs, and 
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every third ventral tubercle is particularly prominent. All ribs are much reduced 
in strength along the midventral line but not interrupted by a groove. One con- 
striction present. The anterior end of the figured specimen has a whorl height of 
about 8.5 mm. and a whorl thickness of 9 mm. 

This specimen closely resembles Durangites acanthicus Burckhardt (1912, p. 146, 
Pl. 36, figs. 7, 8, 10, 11, 15), particularly the posterior end of the outer whorl of 
Burckhardt’s type but has fewer simple ribs and lacks lateral tubercles. As it is in 
the “Kdllickeri stage” of development (Burckhardt, 1912, p. 144) it might be con- 
fused with species of Micracanthoceras, but that genus retains lateral tubercles to a 
much later growth stage, and at a comparable size is generally much more sparsely 
ribbed. 

Ficurep Specimen: U.S. National Museum 103413. 

OccurRENCE: Vifiales limestone. Atlantic Refining Company of Cuba locality 268. 


Durangites vulgaris Burckhardt 
(Plate 3, figure 1) 


1912. Durangites vulgaris BurcKuarpt, Inst. geol. México Bol. 29, p. 149, Pl. 37, 
figs. 1-36; Pl. 38, figs. 1-4. 

One specimen showing only the lateral view of the outer whorl appears to be 
identical with the more convex variety of Durangites vulgaris Burckhardt from the 
upper Portlandian of México. Whorl strongly convex at its posterior end and 
gently convex at its anterior end. Umbilicus fairly wide; wall low and oblique, 
rounding evenly into flanks. 

The ornamentation consists of high, narrow, tuberculate ribs that begin at the 
line of involution, curve forward to the middle of the flank, then recurve and incline 
slightly backward on the upper part of the flanks. On the posterior half of the 
outer whorl about one third of the ribs bifurcate, and on the anterior half the 
majority of the ribs bifurecate between the middle and the upper fourth of the 
flanks. The points of furcation are elevated but not tuberculated. On the posterior 
part of the whorl every second or third rib passes ventrally into prominent tubercles. 
On the anterior part of the whorl only about one rib in every six passes into a 
ventral tubercle. Generally the ventral tubercle marks the union of two secondary 
ribs issuing from a common primary rib. No constrictions present. 

The figured specimen at a diameter of 32 mm. has a whorl! height of 11 mm. and 
an umbilical width of 13 mm. The corresponding measurements of one of the 
Mexican specimens of D. vulgaris figured by Burckhardt are 31, 12, and 13 mm. 

Besides Durangites vulgaris, the only other Mexican species similar to the Cuban 
form is D. nodulatus Burckhardt (1912, p. 155, Pl. 38, figs. 5-7, 9, 10), which has 
wider-spaced ribs and fewer single ribs. 

PiesioryPe: U. S. National Museum 103414. 

OccurrENCcE: Vifiales limestone. U.S. Geological Survey Mesozoic locality 18581. 


Genus Lytohoplites Spath, 1925 
Lytohoplites caritbbeanus Imlay, n. sp. 
(Plate 7, figures 1-9) 


This species is represented by 11 fragmentary, more or less distorted internal 
molds, of which some bear fragments of shell material. Whorls subovate in section, 
in early stages wider than high, in later stages apparently a little higher than wide, 
thickest near middle of flanks, embracing about one third; flanks convex on inner 
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whorls, flattened on outer whorls; venter broadly rounded on inner whorls, regularly 
rounded on outer whorls. Umbilicus fairly wide, shallow; wall low, inclined on 
inner whorls and rounding evenly into flanks, nearly vertical on outer whorls and 
rounding rather abruptly into flanks. 

The ribs on the inner whorls are nearly straight, fairly low, narrowly rounded, 
separated by flat interspaces from two to three times as wide, incline forward gently 
on the umbilical wall and flanks, and do not bifurcate. During growth the ribs 
become flexuous, higher, broader at their base, narrower at their top, and more 
widely spaced. The ribs on the outer whorls are radial on the umbilical wall, are 
inflected forward on the lower part of the flanks, recurve slightly on the upper part 
of the flanks, and arch forward gently on the venter. They are triangular in cross- 
section, very broad at their bases, acute at their summit, highest on the ventrolateral 
margins, and faintly reduced in strength along the midventral line. Almost all ribs 
are simple, only two examples of fureation at the base of the flanks being noted. 
The interspaces are broadly rounded. Constrictions are not evident, although some 
interspaces are deeper than others. 

Most of the specimens are too distorted for accurate measurements, but the 
holotype appears to be only slightly compressed. At a diameter of 48 mm. it has a 
whorl height of 17 mm., a whorl thickness of 16(?) mm., and an umbilical width of 
20 mm. 

The specimens show some variation in density of ribbing but not enough to sug- 
gest specific differences. Gerth (1925, p. 99) has noted considerable variation in 
density of ribbing on Lytohoplites burckhardti (Mayer Eymar) in Burckhardt 
(1900, p. 17, Pl. 26, figs. 1, 2; 1903, p. 61, PI. 10, figs. 17-20), but that species differs 
by the development of rather prominent ventral tubercles. Much more similar to 
the Cuban species is L. vetustoides (Burckhardt) (1903, p. 62, Pl. 10, figs. 23-25) 
which, however, may be distinguished by its slightly weaker ribbing and the develop- 
ment of a more definite ventral sinus. The form from Algiers described by Roman 
(1936, p. 31, Pl. 1, figs. 6, 6a) as Himalayites ? abnormis has similarly strong, simple 
ribs but has ventral tubercles and a well-defined ventral sinus. It probably should 
be referred to Lytohoplites. 

Tyres: Holotype, U. S. National Museum 103415; 6 figured paratypes, U. 8. 
National Museum 103416a-f. 

OccurRENCE: Vifales limestone. Atlantic Refining Company of Cuba locality 
5229. 

Genus Parodontoceras Spath, 1923 
Parodontoceras butti Imlay, n. sp. 
(Plate 7, figures 10-12) 


This species is represented by numerous specimens, but most of them are very 
poorly preserved. Whorl section subovate, higher than wide, embracing about one 
fourth; flanks flattened; venter narrowly rounded; umbilicus wide and shallow. 

The ribs of the innermost whorls (PI. 7, figs. 10, 12) are high, narrow, closely 
spaced, inclined forward on the flanks, transverse on the venter, and most of them 
bifureate below the middle of the flanks. During growth the points of furcation 
rise to, or a little above, the middle of the flanks, the anterior rib branches tend to 
separate as intercalary ribs, the frequency of simple, unbranched ribs increases, and 
the interspaces become wider. At a diameter greater than 50 mm. all the ribs are 
simple, strong, straight, widely separated, and only gently inclined forward. The 
ribs along the midventral line are not reduced in strength at any stage of develop- 
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ment. Constrictions not present. Suture line unknown. Specimens too distorted 
for accurate measurements. 

This species differs from Parodontoceras antilleanum Inlay, n. sp., with which it 
js associated, by being much more coarsely and sparsely ribbed at all stages of 
growth. That it is not an extreme variation of P. antilleanum is indicated by the 
lack of intermediate forms. The most similar foreign species is Berriasella simplici- 
costata Mazenot (1939, p. 135, Pl. 22, figs. 1, 2, 5a, b) from the Berriasian of France, 
which, however, has a slower rate of coiling and is more evolute. Berriasella 
simplicicostata is placed by Mazenot (1939, p. 127) in the group of B. pontica 
(Retowski), which Spath (1923, p. 305; 1925, p. 145) includes in his genus Parodonto- 
ceras, based on Odontoceras callistoides Behrendsen (1891, p. 402, Pl. 23, figs. la, b; 
Steuer, 1897, p. 41 [167], Pl. 17 [81], figs. 13-16; Burckhardt, 1906, p. 139, Pl. 39, 
figs. 5, 6). The ribbing of the inner whorls of P. butti Imlay and P. antilleanum 
Imlay is nearly identical with that of Parodontoceras callistoides (Behrendsen) and 
P. beneckei (Steuer) (1897, p. 42, Pl. 17 [31], figs. 6-12) from the late Jurassic of 
South America, but the ribbing of the outer whorls differs by the complete lack of 
bifureating ribs. The difference is probably only one of degree, as Parodontoceras 
characteristically has many simple and intercalary ribs on the outer whorls. It 
appears, therefore, that the Cuban species, along with Berriasella simplicicostata 
Mazenot, may be included under Parodontoceras as species showing extreme 
simplification of the ribs. The presence of a ventral sulcus on the South American 
species is confined mainly to the internal mold, as noted by Steuer (1897, p. 41), 
and, as in Kossmatia, is apparently slight or absent where the shell is preserved. It 
is not a basis for separating generically the American species of Parodontoceras 
from the European species of the group of Berriasella pontica (Retowski). 

Tyres: Holotype, U. S. National Museum 103417; 2 figured paratypes, U. S. 
National Museum 103418a, b; 7 nonfigured paratypes, U. S. National Museum 
103419a-g. 

OccurkENCE: Vifiales limestone. Atlantic Refining Company of Cuba localities 
5216, 5229, 5231. 

Parodontoceras antilleanum Imlay, n. sp. 
(Plate 8, figures 4-9) 


This species is one of the most common in the Vifales limestone, but most 
specimens are much compressed and weathered. Whorl section subovate, higher 
than wide, except in earliest growth stages, embracing about one third; flanks 
flattened, venter narrowly rounded; umbilicus wide and shallow. 

The ribs on the innermost whorls (PI. 8, figs. 7-9) are fine, densely spaced, inclined 
forward on the flanks, transverse on the venter, and generally bifurcate below the 
middle of the flanks. During growth the points of bifureation rise to near the 
middle of the flank, the anterior branches tend to separate as intercalary ribs, 
simple ribs become more common, and the interspaces become wider. At a 
diameter greater than about 50 mm. all the ribs are simple, moderately strong, 
nearly straight, fairly widely separated, and moderately inclined forward. The ribs 
along the midventral line are not reduced in strength at any stage of development. 
Constrictions not present. Suture line unknown. Most of the specimens are con- 
siderably compressed, but that shown in Figures 8 and 9 of Plate 8 has a whorl 
height of 17 mm. and a whorl thickness of 12 mm. 

In fineness of ribbing this species resembles the small specimen figured by Burck- 
hardt (1906, p. 139, Pl. 39, fig. 6) as Hoplites cf. H. callistoides Behrendsen from 
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the Tithonian of Mexico, but at a comparable size has less flexuous ribs, of which 
fewer bifurcate. 

Types: Holotype, U. 8S. National Museum 103420; 4 figured paratypes, U. §. 
National Museum 103421la-d; 4 nonfigured paratypes, 103422a-d. 

OccurRENCE: Vifiales limestone. Atlantic Refining Company of Cuba localities 
249, 5216, 5229, 5231(?). 

Genus Berriasella Uhlig, 1905 
Berriasella? sp. 
(Plate 8, figures 2, 3) 


Two small fragments belong to a species with form and ribbing somewhat similar 
to Berriasella lorioli (Zittel) (1868, p. 103, Pl. 20, figs. 6, 8; Mazenot, 1939, p. 125, 
Pl. 19, figs. 3a-d, 4a, b, 5a, b, 6a, b, 7a, b). Whorl subquadrate in section, a little 
higher than wide, embracing about one third; flanks nearly flat; venter evenly 
rounded. Ribs high, narrow, radial, slightly flexuous, widely spaced, bifurcating 
regularly on the upper third of the flanks, and crossing the venter transversely 
without diminution in strength. Several intercalary ribs present on venter. 

Ficurep Specimen: U.S. National Museum 103423. 

OccurRENCE: Vifales limestone. Atlantic Refining Company of Cuba localities 
268, 5216. 

Genus Spiticeras Uhlig, 1903 
Spiticeras? sp. 
(Plate 8, figure 1) 


One crushed, much weathered specimen was provisionally assigned by Dickerson 
to “Astieria” cf. A. astieriformis Bose. The only distinct features are a series of 
prominent, rounded umbilical nodes from which radiate bundles of 4 or 5 
narrowly rounded ribs that are closely spaced, incline slightly forward, and appar- 
ently do not branch on the flanks. The umbilicus appears to be fairly wide. 

Generic determination of this specimen is not possible, but it probably belongs 
to the family Olcostephanidae, which would indicate an age not older than upper 
Portlandian. 

Ficurep Specimen: U.S. National Museum 103424. 

OccuRRENCE: Vifiales limestone. Atlantic Refining Company of Cuba locality 5271. 


Genus Leptoceras Uhlig, 1883 


Leptoceras? hondense Imlay, n. sp. 
(Plate 10, figures 5-9, 11, 12) 


This species is represented by dozens of specimens, of which most are much 
weathered and compressed. Coiling crioceroid, whorls widely separated, ovate in 
section, higher than wide, increasing slowly in size. Flanks and venter evenly 
convex, flanks becoming flatter during growth. 

First whorl beyond embryonic chambers apparently smooth. Succeeding whorls 
marked by simple, radial ribs that are strong on the flanks, considerably reduced 
in strength on the venter, and on the larger whorls bear small ventral tubercles. 
Interspaces from 114 to 2 times wider than ribs, slightly wider relatively on the 
outer than on the inner whorls. No constrictions present. 

Leptoceras? hondense Imlay is the most common uncoiled ammonite in the 
Cuban collection. Well-preserved specimens are in general easily distinguished 
from the associated L. catalinense Imlay by their coarser ribbing and slower rate 
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of coiling. Many immature or weathered specimens cannot be placed definitely 
in either species, and some specimens appear to be intermediate between the two 
species. Among European species, L. gracile (Oppel) (Zittel, 1870, p. 233, Pl. 36, 
figs. 8a-d), from the late Jurassic of southern Europe, is similar but has coarser 
and wider-spaced ribbing. Dickerson, in his preliminary studies of the fauna of 
the Vifiales limestone, considered L.? hondense as probably identical with L. bey- 
richt (Karsten) (1858, p. 103, Pl. 1, figs. 4a-d; 1886, p. 61, Pl. 1, figs .4a-d), 
from the Barremian of Colombia, but the Cuban species may be distinguished by 
its sparser ribbing. 

Leptoceras? hondense may be identical with Ancyloceras ef. A. annulatus D’Or- 
bigny of Kellum (1937, p. 88, Pl. 9, figs. 1-3), from the upper Portlandian of the 
San Carlos Mountains of Tamaulipas, Mexico. 

Types: Holotype, U. S. National Museum 103425; figured paratypes, U. S. Na- 
tional Museum 103426, 103427a-c; 6 nonfigured paratypes 103428a-f. 

OccuRRENCE: Viifiales limestone. Atlantic Refining Company of Cuba localities 
257, 5216, 5246, 5272. 


Leptoceras? catalinense Imlay, n. sp. 
(Plate 10, figures 1-4) 


The species is represented by about 25 specimens. Coiling crioceroid. Whorls 
moderately to fairly widely separated, ovate in section, higher than wide, increas- 
ing rapidly in size. Flanks and venter evenly convex. 

First whorl beyond embryonic chambers apparently smooth. Succeeding whorls 
marked by simple, radial, or slightly prorsiradiate ribs that thicken ventrally, and 
on the larger whorls bear small ventral tubercles. Interspaces equal to, or slightly 
wider than the ribs. 

This species shows considerable variation in the rate of coiling, but the outer 
whorls are generally not as widely separated as in L. hondense Imlay, and the 
ribbing is much denser. Crioceras sp. ind. Burckhardt (1919, p. 58; 1921, Pl. 21, 
fig. 3), from the Substeueroceras beds of Mexico, is probably a similar species, but 
its much larger size precludes close comparison. Leptoceras sp. ind. Mazenot 
(1939, p. 245, Pl. 40, fig. 2), from the Berriasian of France, has sparser ribbing that 
is slightly rursiradiate, but its general appearance is very similar. The resemblances 
of L.? catalinense and L.? hondense to some of the Barremian species (Uhlig, 1883, 
p. 146-150, Pls. 29 and 32 in part) of Europe is rather remarkable and undoubtedly 
influenced former assignments of the Vifiales limestone to an early Cretaceous age. 

Types: Holotype, U. S. National Museum 103429; figured paratypes, U. S. 
National Museum 103430a, b, 103431, 103432. 

OccurRENCE: Vifiales limestone. Atlantic Refining Company of Cuba localities 
257, 5216, 5271(?), 5272. 


Genus Hamulina D’Orbigny, 1850 
Hamulina? rosariensis Imlay, n. sp. 
(Plate 9, figures 1-11; plate 12, figure 1) 


This species is represented by numerous straight and hook-shaped fragments, 
but none shows the-complete form, and nearly all are much weathered. It cannot 
be ascertained whether the species has 2 or 3 limbs, but the latter seems more 
probable. The small, coiled embryonic portion is shown in Figure 2 of Plate 9. 
The hock-shaped fragments have one long, nearly straight limb that passes by 
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means of a 180° turn into a much shorter, subparallel limb. The whorl section js 
ovate and perhaps slightly higher than wide. 

The ribs are strong, rounded, nontuberculated, incline forward gently on the 
flanks but cross the venter and dorsum transversely, are a little stronger on the 
venter than on the dorsum, and increase regularly in strength during growth. The 
interspaces on the posterior part of the longer limb are about as wide as the ribs 
and anteriorly become somewhat wider. On the crook the interspaces are about 
twice as wide as the ribs, and on the shorter limb are about three times as wide 
as the ribs. There is no reduction of ribbing along the midline of the venter 
or dorsum. 

This species cannot be placed satisfactorily in any of the genera, Bochianites, 
Leptoceras, or Protancyloceras, to which have been referred the few uncoiled ammo- 
nites found until now in late Jurassic deposits. Although agreeing in general 
form and ornamentation with Hamites of the Albian stage it may be distinguished 
by its ribbing, stronger on the dorsum and wider-spaced anteriorly. Besides, the 
great difference in age makes generic identity with Hamites seem very doubtful. 
Certain of the nontuberculate species of Hamulina (Gignoux, 1920, p. 129) of the 
Barremian stage are likewise similar, although not as coarsely ribbed. Assignment 
of the Cuban species to a new genus is considered inadvisable, because of the 
poor preservation of the fossils and lack of knowledge of the suture line. 

Types: Holotype, U. S. National Museum 103433; 8 figured slabs of 28 para- 
types, U. S. National Museum 103434a-f, 103435a, b. 

OccurrENCE: Vifales limestone. Atlantic Refining Company of Cuba localities 
5216, 5229, 5231. 

Genus Ptychoceras D’Orbigny, 1842 
Ptychoceras? sp. 
(Plate 10, figure 10) 


One internal mold shows parts of two appressed limbs ornamented with straight, 
strong, narrowly rounded ribs that become strongest ventrally. The ribs incline 
gently forward on the smaller limb and gently backward on the larger limb. The 
interspaces on the smaller limb are a little narrower than the ribs, but on the larger 
limb become a little wider. The mold resembles Ptychoceras in form and orna- 
mentation but is possibly distinguished by its large size and by the strength of the 
ribbing on the smaller limb. As Ptychoceras has been recorded only from the 
Barremian, Aptian, and Albian stages of the Lower Cretaceous, it undoubtedly did 
not range down into the Upper Jurassic. The Cuban specimen is too poorly pre- 
served to serve as the type of a new genus but is worthy of notice as another exam- 
ple of the rich and varied assemblage of uncoiled ammonites that characterized the 
late Jurassic deposits of Cuba in marked contrast to the apparent paucity of 
uncoiled ammonites of the same age in other parts of the world. 

Ficurep Specimen: U.S. National Museum 103436. 
OccurrENCE: Vifiales limestone. Atlantic Refining Company of Cuba locality 184. 


“Genus” Lamellapiychus Trauth, 1927 
Lamellaptychus rectecostatus (Peters) emend. Trauth? 

Four immature valves from Cuba were questionably referred by Trauth (1936, 
p. 69) to Lamellaptychus rectecostatus (Oppel, 1863, Pl. 70, figs. 1, 4), which he said 
was characterized by the straightness of the imbricating ribs on the convex side of 
the valve, although in the earliest stages the ribs may be slightly flexuous. The 
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specimens examined by Trauth are from Soroa in Pinar del Rio Province and are 
associated on the same rock with L. angulocostatus (Peters) and L. seranonis 
(Coquand). None of the specimens in the present collection seems referable to this 
species. According to Trauth, L. rectecostatus is common in the late Upper Jurassic 
of the Alpine-Mediterranean region but rare is the early Lower Cretaceous. 


Lamellaptychus angulocostatus (Peters) 
(Plate 11, figures 8-10) 


For synonymy see TrautH: K. Akad. Wetensch. Amsterdam, Sec. Sci. Pr., vol. 39, 
no. 1, p. 70, 1936. 

Trauth considers that most of the specimens described by O’Connell (1921, p. 
10-12, Figs. 15, 16, 18, not Fig. 17) as Aptychus pimientensis belong to L. angulo- 
costatus, which is common in the Neocomian of the Alpine-Mediterranean regions 
and is characterized by the acute angle formed by the ribs on the convex side of 
the valve. The collections in hand contain 23 specimens which agree in form and 
sculpture with those figured by O’Connell from Cuba and also with those figured 
by Pictet and Loriol (1858, p. 46-48, Pl. 10, figs. 3, 5a-c, 6a-c, 7, 8a-d, 9, 10-12) from 
the Neocomian of Switzerland. 

Piesiorypes: U.S. National Museum 103437, U. S. National Museum 103438, U. 8. 
National Museum 103439. 

OccurrENCE: Vifiales limestone. Atlantic Refining Company of Cuba localities 
142, 215, 237, 250, 257, 5271, 3083. O’Connell records this species from Mount 
Pimiento, 5 miles north of San Cristébal and from Rio Hondo, 7 miles northeast of 
San Cristébal in Pinar del Rio Province. Trauth records the species from Bahia 
Hondo and Soroa in Pinar del Rio Province, and from between Encrucijada and 
Santa Clara in Santa Clara Province. 


Lamellaptychus angulocostatus (Peters) var. longa Trauth 


For synonymy see TrautH: K. Akad. Wetensch. Amsterdam, Sec. Sci. Pr., vol. 39, 
no. 1, p. 71, 1936 


Trauth distinguishes this variety from the typical form by its much more slender 
form and notes that in the Alpine-Mediterranean region it is always confined to the 
Neocomian. None of the specimens available to the writer are nearly so slender as 
the type (Pictet and Loriol, 1858, p. 46-48, Pl. 10, fig. 4) of the variety, but Trauth 
records three specimens from Cuba, including one figured by O’Connell (1921, p. 11, 
12, Fig. 17). 

OccurrENcES: Vifiales limestone. O’Connell records the species from Rio Hondo, 
7 miles northeast of San Cristébal in Pinar del Rio Province. Trauth records it from 
between Encrucijada and Santa Clara in Santa Clara Province. 


Lamellaptychus angulocostatus (Peters) var. atlanticus (Hennig) 


1913. Aptychus atlanticus Hennic, Deutsche geol. Gesell. Zeitschr., Band 65, p. 155, 
, figs. la-b. 
1936. Lamellaptychus angulocostatus (Peters) var. atlantica (Hennig). Travutu, 
K. Akad. Wetensch. Amsterdam, Sec. Sci. Pr., vol. 39, no. 1, p. 72. 

Trauth referred four Cuban specimens to this variety, in which the convex side of 
the valve bears ribs that apically are acute-angled as in the typical form of 
Lamellaptychus angulocostatus, but that toward the external margin change to 
broad, backwardly directed curves. These curves are slightly offset apically at one 
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or more places. The type of the variety was obtained in the Cape Verde Islands 
from limestones which Hennig considered Upper Jurassic, but Trauth suggested that 
they are probably Neocomian in age. No specimens referable to this variety are 
present in the collections under examination. 

OccurrENcEs: Vifiales limestone. Trauth records this species from between Encru- 
cijada and Santa Clara in Santa Clara Province, and from Soroa and the region south 
of Toro in Pinar del Rio Province. 


Lamellaptychus angulocostatus (Peters) var. cristébalensis (O’Connell) 
(Plate 11, figures 2, 3) 


1921. Aptychus cristébalensis O’ConnELL, Am. Mus. Novit., no. 28, p. 7, 8, Figs. 7, 8. 
1936. Lamellaptychus angulocostatus (Peters) var. cristdbalensis (O’Connell). 
Trautu, K. Akad. Wetensch. Amsterdam, Sec. Sci. Pr., vol. 39, no. 1, p. 73. 


This variety, represented by seven specimens, is characterized by: (1) a rather 
pronounced keel extending from the apex diagonally to the junction of the lateral 
and external margins; (2) the acute-angled ribs near the apex; (3) the broad, back- 
wardly curved ribs near the external margin; and (4) the more or less distinct offsets 
apically of the ribs in the vicinity of the keel. It is similar to the variety atlantica 
(Hennig) but may be distinguished by the extension of the acute-angled ribs farther 
toward the external margin and by the more convex lateral margins. 

Presioryres: U. S. National Museum 103440a, b. 

OccurrENcES: Vifiales limestone. Atlantic Refining Company of Cuba localities 
142 and 3083. O’Connell listed this species from the Rio Hondo, 7 miles northeast 
of San Cristébal and from the Rio San Cristébal on the Finca of Rafael Begoa, 
about 9 miles north of San Cristébal in Pinar del Rio Province. The variety has 
also been found by the writer about 4 miles southeast of La Pefia, in southern 
Coahuila, Mexico, where it is associated with ammonites of lower Hauterivian age. 


Lamellaptychus seramonis (Coquand) 
(Plate 11, figures 4, 6) 


For synonymy see TrautuH: K. Akad. Wetensch. Amsterdam, Sec. Sci. Pr., vol. 39, 
no. 1, p. 73. 

This is the most common aptychus in the available Cuban collections, being rep- 
resented by 20 specimens. O’Connell (1921, p. 9, 10, Figs. 9-14) studied 8 specimens, 
which she placed in a new species, Aptychus cubanensis O’Connell, but Trauth, who 
examined 2 Cuban specimens of the same species, proclaimed its identity with L. 
seranonis (Coquand). Judging from the illustrations by Pictet and Loriol (1858, 
p. 48-50, Pl. 11, figs, 1, 2, 4, 7, 8), the determination by Trauth seems to be correct. 

Lamellaptychus seranonis is characterized by: (1) an inward bending of the lateral 
margin in conformity with the course of the ribs; (2) a prominent keel extending 
from the apex diagonally to the junction of the lateral and external margins; (3) the 
ribs being broadly curved rather than angulated toward the external margin; and 
(4) the ribs bending gently apically as they approach the harmonic margin and 
concomitantly becoming larger, broader, flatter, and wider-spaced. It is distinguished 
from L. angulocostatus (Peters) by the inflection of the lateral margin and by the 
absence of angulated ribbing toward the external margin. 

According to Trauth (1936, p. 74) Lamellaptychus seranonis (Coquand) is fairly 
common in the lower Neocomian and rare in the late Jurassic of the Alpine-Medi- 
terranean region. 
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PiesiotyPes: U.S. National Museum 103441; U.S. National Museum 103442. 

OccurRENCE: Vifiales limestone. Atlantic Refining Company of Cuba localities 
127, 142, 251, 252, 5211, and U. S. Geological Survey Mesozoic locality 18579. 
O'Connell records this species as Aptychus cubanensis from 9 miles north of San 
Cristobal in Pinar del Rio Province. Trauth records it from Soroa in the same 
province. 

Lamellaptychus excavatus Trauth 
(Plate 11, figures 1, 5) 


1936. Lamellaptychus excavatus Trautu, K. Akad. Wetensch. Amsterdam, Sec. Sci. 
Pr., vol. 39, no. 1, p. 73. 


This species, represented by 13 specimens, has not been reported previously from 
Cuba, but appears to be identical specifically with the types (Pictet and Loriol, 1858, 
p. 48-50, Pl. 11, figs. 3, 5, 6) from the early Cretaceous of Switzerland. It is similar 
to L. seranonis (Coquand) in form and sculpture, but its ribs are more closely spaced 
throughout and do not bend apically as they approach the harmonic margin. 

Presiotypes: U.S. National Museum 103443a, b. 

OccurrENceE: Vifiales limestone. Atlantic Refining Company of Cuba locality 252. 


Genus Hadrocheilus Till, 1907 


Hadrocheilus sp. 
(Plate 11, figure 7) 


One cephalopod beak from the Vifiales limestone apparently belongs to Hadro- 
cheilus Till (1907, p. 560, 568, 659, 667, 675) and probably to the Depressi group. 
Only the dorsal surface is exposed, but this shows a short, much depressed form 
with a median and two lateral wings. The cape is depressed, broadly rounded 
apically, and bears a low, rounded dorsal keel. The shaft has elevated, sharp, lateral 
margins that are bounded inwardly by depressed areas, is marked medially by a 
small furrow, and is not distinctly impressed with respect to the cape. 

The Cuban specimen appears to have a more depressed form and more elevated 
shaft margins than any described species of Hadrocheilus but is not sufficiently well 
preserved to merit a specific name. The genus, according to Till (1907, p. 675-680), 
ranges through the Jurassic and Lower Cretaceous but attains its greatest develop- 
ment in species and individuals in the early Lower Cretaceous. He indicates that 
the Depressi group of Hadrocheilus is confined to the Upper Jurassic and Neocomian. 

Ficurep Specimen: U.S. National Museum 103444. 

OccurrENcE: Vifiales limestone. Atlantic Refining Company of Cuba locality 226. 
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Piate 1—LatTe Jurassic Fossits rroM CusBa 


Figure 
Phylloceras pinarense Imlay, n. sp. 


(1, 4) Lateral and ventral views of paratype U. S. Nat. Mus. 103379a (xX 2). 
(2, 3) Lateral and apertural views of paratype U. S. Nat. Mus. 103379b (x 2). 
(5) Paratype U. S. Nat. Mus. 103379c. 


(6-9) Suture, lateral view, cross section, and ventral view of holotype U. S. Nat. 
Mus. 103378. 
All specimens from Atlantic Refining Company of Cuba locality 5216 
(p. 1442). 


Figures natural size unless otherwise indicated. 
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2.—Late Jurassic Fossits FRoM CuBA 
Hildoglochiceras cf. H. alamense Imlay. 


Figure 
(1, 2) Ventral and lateral views of specimen U. S. Nat. Mus. 103388a. 


(6, 7) Ventral and lateral views of specimen U.S. Nat. Mus. 103388b. 
Both specimens from Atlantic Refining Company of Cuba locality 5138 
(p. 1445). 
Hildoglochiceras cf. H. grossicostatum Imlay. 
(3, 4) Lateral and ventral views of specimen U.S. Nat. Mus. 103387a. 


(5) Lateral view of specimen U. S. Nat. Mus. 103387b. 
Both specimens from Atlantic Refining Company of Cuba locality 5138 
(p. 1444). 
(8-10) Metahaploceras? sp. 


Lateral and ventral views and cross section of specimen U. S. Nat. Mus. 
103382. Atlantic Refining Company of Cuba locality 7539 (p. 1443). 


(11-18) Metahaploceras cf. M. mazapilense (Burckhardt). 
Apertural, lateral, and ventral views of specimen U. 8. Nat. Mus. 103381. 
Atlantic Refining Company of Cuba locality 6216 (p. 1442). 


(14) Virgatosphinctes aff. V. rotundidoma Uhlig. 
Specimen U. S. Nat. Mus. 103396. Atlantic Refining Company of Cuba 


locality 5216 (p. 1448). 


All figures natural size. 
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3.—Late Jurassic Fossits rromM CuBA 
Figure 
(1) Durangites vulgaris Burckhardt. 


Plesiotype U. S. Nat. Mus. 103414. U.S. Geol. Survey Mesozoic locality 
18581 (p. 1453). 


(2, 3) Simoceras sp. juv. cf. S. volanense (Oppel). 
Specimen U. S. Nat. Mus. 103389 (<3). Atlantic Refining Company of 
Cuba locality 268 (p. 1445). 


(4) Aspidoceras sp. 
Specimen U. S. Nat. Mus. 103391. Atlantic Refining Company of Cuba 
locality 5216 (p. 1446). 


(5-7) Durangites cf. D. acanthicus Burckhardt. 


Lateral and ventral views of specimen U. S. Nat. Mus. 103413. Atlantic 
Refining Company of Cuba locality 268 (p. 1452). 


(8-10) Virgatosimoceras? sp. 


Lateral view, cross section, and ventral view of specimen U. S. Nat. Mus. 
103390. Atlantic Refining Company of Cuba locality 5216 (p. 1446). 


(11) Physodoceras sp. 
Lateral view of specimen U. S. Nat. Mus. 103393. Atlantic Refining Com- 
pany of Cuba locality 5216 (p. 1447). 


(12, 13) Aspidoceras sp. 
Ventral and lateral views of specimen U. S. Nat. Mus. 103392 (<3). Atlantic 
Refining Company of Cuba locality 268 (p. 1446). 


Figures natural size unless otherwise indicated. 
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Piate 4.—LAatTe Jurassic Fossits FROM CuBA. 


Pseudolissoceras cf. P. zitteli (Burckhardt). 
Figure 
(1-3) Views and suture of specimen U. S. Nat. Mus. 103383a. 
(4) Lateral view of specimen U. S. Nat. Mus. 103383b. 
(7, 8) Views of specimen U. S. Nat. Mus. 103384a. 
(11, 12) Views of specimen U.S. Nat. Mus. 103384b. 
Specimens represented by figures 1-4 are from the Atlantic Refining Com- 
pany of Cuba locality 5231. Specimens represented by figures 7, 8, 11, 
and 12 are from Atlantic Refining Company of Cuba locality 268 (p. 1443). 
(5, 6) Virgatosphinctes cf. V. cristébalensis Imlay. 
Views of specimen U. S. Nat. Mus. 103395 from Atlantic Refining Company 
of Cuba locality 5246 (p. 1448). 
(13) Virgatosphinctes cristébalensis Imlay, n. sp. 
Holotype U.S. Nat. Mus. 103394 from Atlantic Refining Company of Cuba 
locality 5229 (p. 1447). 
Micracanthoceras sp. juv. 


(9, 10) Views of specimen U. 8. Nat. Mus. 10341la (x 2). 
(14, 16) Views of specimen U. S. Nat. Mus. 103411b (X 2). 


(15) Lateral view of specimen U. S. Nat. Mus. 103412. 
Specimens represented by figures 9, 10, 14, and 16 are from Atlantic Refining 
Company of Cuba locality 7539. Specimen represented by figure 15 is 
from the same company’s locality 268 (p. 1452). 


Figures natural size unless otherwise indicated. 
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Piate 5.—Late Jurassic Fossits CusBA 


Corongoceras filicostatum Imlay, n. sp. 


Figure 
(1,2) Lateral and apertural views of paratype U. S. Nat. Mus. 103401a. 


(3) Paratype U. S. Nat. Mus. 103401b. 

(4) Paratype U. S. Nat. Mus. 103401c. 

(5-7) Paratype U. S. Nat. Mus. 103398. 

(8) Suture of paratype, U. S. Nat. Mus. 103401d (x 2). 

(9) Paratype U.S. Nat. Mus. 103401e. 

(10,11) Ventral and lateral views of paratype U. S. Nat. Mus. 103399. 


(12, 14,15) Holotype U. 8. Nat. Mus. 103397, ventral view shows posterior part 
of outer whorl. 


(13, 16) Paratype U. S. Nat. Mus. 103401f. 

Specimen represented by figures 10 and 11 is from locality 248. Specimens 
represented by figures 5-7, 12, 14, and 15 are from locality 268. Remainder 
of specimens are from locality 7539 of the Atlantic Refining Company of 
Cuba (p. 1448). 


Figures natural size unless otherwise indicated. 
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Piate 6.—Late Jurassic Fossits rrom Cusa 


Dickersonia ramonensis Imlay, n. sp. 


Figure 
(1) Paratype U.S. Nat. Mus. 103407a. 


(2,3) Ventral and lateral views of paratype U.S. Nat. Mus. 103407b, anterior part 
of ventral view directed downward. 


(4,5) Paratype U. S. Nat. Mus. 103407c. 
(6,7) Paratype U. S. Nat. Mus. 103407d. 


(8) Holotype U. S. Nat. Mus. 103406. 


All specimens from Atlantic Refining Company of Cuba locality 268 
(p. 1451). 


Dickersonia sabanillensis Imlay, n. sp. 
(9) Lateral view of paratype U.S. Nat. Mus. 103404a. 
(10) Ventral view of paratype U. S. Nat. Mus. 103404b. 
(11,12) Paratype U. S. Nat. Mus. 103404c. 
(14,15) Ventral and lateral views of holotype U. S. Nat. Mus. 103403. 


(16, 19,20) Cross section, lateral and ventral views of paratype U. S. Nat. Mus. 
103404d. 
(17,18) Paratype U. S. Nat. Mus. 103404e. 
All specimens from Atlantic Refining Company of Cuba locality 268 
(p. 1450). 
(13) Dickersonia cf. D. ramonensis Imlay 


Specimen U. S. Nat. Mus. 103410 from Atlantic Refining Company of Cuba 
locality 7539 (p. 1452). 


All figures natural size. 
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Piate 7—Late Jurassic Fossius rrom 


Lytohoplites caribbeanus Imlay, n. sp. 


Figure 
(1,2) Ventral and lateral views of holotype U. S. Nat. Mus. 103415. 


(3) Paratype U. S. Nat. Mus. 103416a. 


(4) Deformed paratype U. 8. Nat. Mus. 103416b showing lateral and part of ventral 
views. 


(5,6) Cross section and lateroventral view of paratype U. S. Nat. Mus. 103416¢c 
showing ventral furrow. 


(7) Paratype U. 8. Nat. Mus. 103416d. 
(8) Paratype U. S. Nat. Mus. 103416e. 


(9) Paratype U. S. Nat. Mus. 103416f. 
All specimens from Atlantic Refining Company of Cuba locality 5229 
(p. 14538). 


Parodontoceras butti Imlay, n. sp. 
(10) Paratype U.S. Nat. Mus. 103418a. 
(11) Holotype U.S. Nat. Mus. 103417. 


(12) Paratype U. S. Nat. Mus. 103418b. 
All specimens from Atlantic Refining Company of Cuba locality 5216 
(p. 1454). 


All figures natural size. 
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Puate 8.—Late Jurassic Fossits rroM CuBa 


Figure 
(1) Spiticeras? sp. 
Specimen U.S. Nat. Mus. 103424 from Atlantic Refining Company of Cuba 
locality 5271 (p. 1456). 


(2,3) Berriasella? sp. 
Specimen U. S. Nat. Mus. 103423 from Atlantic Refining Company of Cuba 
locality 5216 (p. 1456). 
Parodontoceras antilleanum, Imlay, n. sp. 


(4) Paratype U.S. Nat. Mus. 103421a. 
(5) Paratype U.S. Nat. Mus. 103421b. 
(6) Holotype U. S. Nat. Mus. 103420. 
(7) Paratype U. 8S. Nat. Mus. 103421c. 


(8,9) Paratype U.S. Nat. Mus. 103421d. 
All specimens from Atlantic Refining Company of Cuba locality 5216 
(p. 1455). 


All figures natural size. 
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Piate 9.—Late Jurassic Fossits rroM CuBA 
Figure 
Hamulina? rosariensis Imlay, n. sp. 
(1) Four paratypes on slab U. S. Nat. Mus. 103435a. 


(2) Three paratypes on slab U. S. Nat. Mus. 103434a, specimen on left has initial 
whorls. 


(3,5) Two paratypes on slab U.S. Nat. Mus. 103434b. 


(4) Paratype U.S. Nat. Mus. 103434c. 
(6-8) Three paratypes on slab U. 8S. Nat. Mus. 103435b. 
(9) Holotype U. 8S. Nat. Mus. 103433. 
(10) Eight paratypes on slab 103434d. 


(11) Four paratypes on slab 103434e. 
Slabs 103435a,b are from Atlantic Refining Company of Cuba locality 5216. 
Slabs 103434a-e are from Atlantic Refining Company of Cuba locality 5229 
(p. 1457). 


All figures twice natural size. 
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Piate 10.—Late Jurassic Fossits rromM CuBA 
Figure 
Leptoceras? catalinense Imlay, n. sp. 


(1) Two paratypes on slab U. S. Nat. Mus. 103430, specimen on left showing 
initial whorls, Atlantic Refining Company of Cuba locality 5216. 


(2) Paratype U. S. Nat. Mus. 103432 from Atlantic Refining Company of Cuba 
locality 257. 


(3) Paratype U. S. Nat. Mus. 103431 from Atlantic Refining Company of Cuba 
locality 5272. 


(4) Holotype U. S. Nat. Mus. 103429 from Atlantic Refining Company of Cuba 
5216 (p. 1457). 
Leptoceras? hondense Imlay n. sp. 


(5,6) Paratypes U. S. Nat. Mus. 103427a, b from Atlantic Refining Company of 
Cuba locality 5216. 


(7) Paratype U. S. Nat. Mus. 103426 from Atlantic Refining Company of Cuba 
locality 257. 


(8,9,11) Ventral and lateral views of holotype U. S. Nat. Mus. 103425 (x 2) 
from Atlantic Refining Company of Cuba locality 5246. 


(12) Paratypes on slab U. S. Nat. Mus. 103427c from Atlantic Refining Company 
of Cuba locality 5216 (p. 1456). 


Ptychoceras? sp. 


(10) Specimen U. S. Nat. Mus. 103436 from Atlantic Refining Company of Cuba 
locality 184 (p. 1458). 


Figures natural size unless otherwise indicated. 
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Piate 11—Late Jurassic Fosstts rromM 
Figure 
Lamellaptychus excavatus Trauth 


(1,5) Plesiotypes U. 8S. Nat. Mus. 103443a, b from Atlantic Refining Company 
of Cuba locality 252 (p. 1461). 
Lamellaptychus angulocostatus var. cristébalensis (O’Connell) 
(2,3) Plesiotypes U. S. Nat. Mus. 103440a, b from Atlantic Refining Company of 
Cuba locality 142 (p. 1460). 
Lamellaptychus seranonis (Coquand) 


(4) Plesiotype U. S. Nat. Mus. 103441 from Atlantic Refining Company of 
Cuba locality 252. 


(6) Plesiotype U. 8S. Nat. Mus. 103442 from U. S. Geol. Survey Mesozoic locality 
18579 (p. 1460). 
Hadrocheilus sp. 


(7) Specimen U.S. Nat. Mus. 103444 from Atlantic Refining Company of Cuba 
locality 226 (p. 1461). 
Lamellaptychus angulocostatus (Peters) 


(8) Plesiotype U. S. Nat. Mus. 103438 from Atlantic Refining Company of Cuba 
locality 250. 


(9) Plesiotype U. S. Nat. Mus. 103439 from Atlantic Refining Company of Cuba 
locality 3083. 


(10) Pesiotype U. 8. Nat. Mus. 103437 from Atlantic Refining Company of Cuba 
locality 142 (p. 1459). 


All figures twice natural size. 


BULL. GEOL. SOC. AM., VOL. 53 IMLAY, PL. 11 


LATE JURASSIC FOSSILS FROM CUBA 


8 9 10 : 


BULL. GEOL. SOC. AM., VOL. 53 


LATE JURASSIC FOSSILS FROM CUBA 


IMLAY, PL. 12 


EXPLANATION OF PLATES 1477 


Puate 12—Late Jurassic Fossirs rrom Cusa. 


Figure 
(1) Hamulina? rosariensis Imlay, n. sp. 
Paratypes on slab U. S. Nat. Mus. 103434f (2) in association with 
Pseudolissoceras and Virgatosphinctes (opposite side of slab) from Atlantic 
Refining Company of Cuba locality 5229 (p. 1457). 


(2) Corongoceras cf. C. filicostatum Imlay. 


Specimen U.S. Nat. Mus. 103400 from Atlantic Refining Company of Cuba 
locality 5229 (p. 1449). 


Figures natural, size unless otherwise indicated. 
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ABSTRACT 


Development of late-mature topography has removed nearly all Kansan drift from 
extensive areas in northwestern Missouri, and the present land surface bevels the 
Nebraskan gumbotil horizon. In north-central Missouri, the Grand River and its 
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larger tributaries have cut through the Kansan deposits, developing a pronounced 
digitate boundary between the two drifts and leaving numerous Kansan outliers on 
the higher divides. Kansan gumbotil caps extensive tabular divides east of the 
Chariton River valley, but many of the deeper intervening valleys expose inliers of 
Nebraskan drift. In places, the bedrock surface lies higher than the adjacent 
Nebraskan gumbotil horizon. 

Kansan drift apparently overlaps the Nebraskan to the southeast, though present 
data are inadequate for accurate age determination along much of the glacial 
boundary. 

At some localities the Aftonian horizon is marked by sandy and gravelly silts pre- 
sumably of fluvial origin. Similar materials of widespread occurrence beneath the 
Kansan drift rest on bedrock and may be preglacial. 


INTRODUCTION 


INTRODUCTORY STATEMENT 


Mapping of the Nebraskan-Kansan drift contact in northern Missouri 
was done during the summer of 1941. The principal results have been 
made available to the National Research Council Committee for a 
new glacial map of North America. The chief purpose has been to 
ascertain the present distribution of the two drift sheets, though no 
attempt was made to verify the precise southern limit of glaciation. 
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REGIONAL SETTING 


Northern Missouri lies along the periphery of the glaciated area of 
North America, and its glacial history is closely related to that of 
Iowa, Kansas, and Nebraska. The Nebraskan and Kansan drift sheets, 
well known in Iowa, extend into northern Missouri, and their drift- 
border phenomena are continuous westward from Missouri into Kansas. 
In contrast, the Mississippi River on the east marks an important 
Pleistocene boundary (Fig. 1). 


TOPOGRAPHY AND DRAINAGE 


Approximately the western three-fifths of northern Missouri is drained 
by streams that rise in southern Iowa and flow generally south and 
southeast to the Missouri. These include (west to east) the Nodaway, 
Platte, Grand, and Chariton, with their numerous tributaries. Flood 
plains 2 miles wide, bordered by low terraces, are common, and the 
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intervening uplands have a late-mature aspect, though a few limited 
remnants of tabular divides still remain, capped by Kansan gumbotil. 
Eastward from the extreme north-central part, such tabular divides are 
more extensive. East of the Chariton River, broad till-plain uplands 
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Ficure 1—Map of central Mississippi valley region 


Showing approximate limits of Keewatin and Labradonean drifts. Adapted from Antevs 
(1929) and MacClintock (1933). 


separate the relatively short tributaries of the Mississippi. Eastward 
from the junction of the Chariton and Missouri, a strip of territory 
up to 30 miles wide drains south to the Missouri, and here tabular 
divides are less common largely because this area lies at, or beyond, 
the limits of glaciation. 

STRUCTURE AND BEDROCK 


Pennsylvanian shales, sandstones, and thin limestones constitute the 
bedrock over most of the glaciated portion of the State, though Mis- 
sissippian limestones underlie the eastern and southern parts. The 
gentle northwest regional dip is varied locally by minor anticlinal 
flexures which have not appreciably affected glaciation. 


iced 
On 
the 
of 
ent 
sent 
cial 
‘a: I(r. 
the 
MO. 
KAN.  t / 
no KAN. ; MO. 
| 
MO. 
OKLA. | 
est 
nce 
his 
of i 
ots, : 
ft- ; 
as, 
ant 
ed 
nd 
ay, 
od 
the 


1482 c. D. HOLMES—NEBRASKAN-KANSAN DRIFT BOUNDARY IN MISSOURI 


PREVIOUS WORK 


The first comprehensive report on the Pleistocene deposits of Missouri 
was published by Todd (1896). Chamberlin (1895) had recognized 
two glacial stages in Iowa, which he named the Kansan (older) and 
the Iowan, separated by the Aftonian interval. In the present classi- 
fication, these are the Nebraskan and Kansan, respectively. Todd 
found no evidence of multiple glaciation in Missouri, but he regarded 
Chamberlin’s classification as probably valid for northern Missouri as 
well as for Iowa. 

In connection with mapping glacial deposits in southern Iowa in 1920, 
Kay (personal communication) found both Nebraskan and Kansan drift 
at a few localities in northern Missouri. In 1924, Shipton described 
sections of the two drifts in northwestern Missouri, but he included 
no areal map. Antevs’ map (1929, p. 645) shows the southern limits 
of the two drifts but does not show their present distribution. 

In an unpublished work, Trowbridge (1938) concluded that all the 
drift in northern Missouri is referable to a single glaciation, probably 


the Kansan. 
MAPPING THE DRIFT CONTACT 


CRITERIA FOR DETERMINING BOUNDARY LOCATION 


General statement—The Nebraskan gumbotil and its related phases 
of less-weathered drift constitute the only reliable basis known at present 
for distinguishing the two drift sheets. Gumbotil development implies 
a till-plain surface of low relief, and favorably located exposures avail- 
able at the time of mapping suffice to show the general configuration 
of the Nebraskan gumbotil surface. An aneriod altimeter was used in 
areas for which adequate topographic maps were not available. 


Nebraskan gumbotil—The Nebraskan gumbotil was already a dis- 
continuous sheet when the present erosion cycle began. Streams prob- 
ably destroyed a part during late Aftonian time, and a few masses of 
Nebraskan gumbotil observed imbedded in Kansan till, indicate erosion 
by the Kansan glacier. Normally the Nebraskan gumbotil grades down- 
ward into a zone of oxidized and leached till generally 1 to 2 feet 
thick, which in turn grades into oxidized but unleached till. This 
relation contrasts with the abrupt basal contact of gumbotil masses 
transported by a later glacier and imbedded in its drift. Nebraskan 
gumbotil in Missouri ranges from 2 to 15 feet thick, which may or 
may not approximate the original thickness. 

Gumbotil is slightly more resistant to erosion than unleached oxi- 
dized till and tends to form benches or breaks-in-slope. The unoxidized 
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and unleached till is likewise relatively resistant but is seldom exposed 
along gentle slopes such as those on which gumbotil benches occur. 


Gumbo silt—Thoroughly weathered silt with associated sand and 
sparse gravel apparently underlies the Kansan till in many areas, 
particularly near the larger river valleys. Many deposits of this type 
cannot be distinguished satisfactorily from alluvial terrace materials 
of the present erosion cycle, and no exposure of unleached Kansan till 
resting on such deposits was observed. Typical exposures occur in 
the maturely dissected areas bordering the Chariton River valley 
where orange-colored gumbo sand ranges from 3 to 50 feet thick. 
In some localities such deposits rest on bedrock at higher-than-average 
altitude, but in most outcrops the base is not exposed. For example, 
three outcrops of gumbo silt and sand occur along the graded road 
in NW. 14 sec. 18, T. 61 N., R. 15 E., Adair County, Missouri. A 
limited variety of much-weathered igneous pebbles in the associated 
gravel lenses indicates derivation from drift. Nebraskan gumbotil 
crops out in the road immediately upslope from the silt and sand. 
At another locality, SW. 44 sec. 23, T. 66 N., R. 14 W., Schuyler 
County, Missouri, a road cut exposes Nebraskan gumbotil with abrupt 
lateral gradation into sandy gumbo silt. Weathering of the silt and 
till was probably contemporaneous, and the contact appears to have 
been originally the side of a silt-filled channel in the Nebraskan till 
plain. However, at many other localities the top of the silt and sand 
deposits lies at, or slightly below, the calculated local altitude of the 
Aftonian horizon, with known Kansan drift exposed near by at higher 
altitudes, but with no outcrop of Nebraskan gumbotil in the imme- 
diate vicinity. Also, many gravelly deposits lack identifiable erratics, 
and the genetic relations are therefore uncertain; some may be pre- 
glacial. 


Secondary carbonate—Below the Kansan gumbotil in many local- 
ities, both the Kansan and Nebraskan drift sheets are traversed by 
an irregular system of joints filled with chalklike calcium carbonate. 
The veins are commonly less than half an inch wide as seen in newly 
excavated road cuts 15 to 30 feet below the surface in mature to- 
pography. In general, the veins narrow with depth. Nearer the sur- 
face the carbonate forms irregular nodules rather than continuous 
veins. In many areas solution of these nodules has little more than 
kept pace with surface erosion. In regions of recent dissection but 
of slight relief, as in northern Chariton and southern Linn counties, 
Missouri, the present upper limit of carbonate nodules is less than 
10 feet below the base of the Kansan gumbotil. These carbonate 
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Figure 2—Preliminary map of Nebraskan-Kansan drift boundary in Missourt 
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masses are as abundant in the Nebraskan gumbotil and in the leached 
gone beneath as they are in till similarly situated but not previously 
leached. Some of the secondary carbonate in the Nebraskan till may 
be pre-Kansan, but most of it is definitely post-Kansan and ante- 
dates the present erosional topography. 

Secondary carbonate nodules in a gumbotil matrix indicate a previ- 
ous cover of calcareous material. No such occurrence has been noted 
in Kansan gumbotil, and no known occurrence was referable to the 
loess mantle as a source. Hence the presence of secondary carbonate 
in a gumbotil or in the subjacent leached zone marks the exhumed 
Aftonian horizon. Evidence of this type is most valuable in mapping 
maturely dissected regions. 


Topography.—In the southeastern part of the region the Kansan 
gumbotil plain extends into areas where only a single till sheet rests 
on relatively high bedrock, thus indicating that the Kansan drift over- 
laps the Nebraskan. In most other places near the drift border, cor- 
relation is uncertain either because erosion has destroyed the original 
surface or because the original surface was somewhat undulating. 


MAP OF THE DRIFT BOUNDARY 


Figure 2 shows the boundary between the Nebraskan and Kansan 
drift sheets. In drawing the contact between known outcrops of Ne- 
braskan gumbotil, no allowance has been made for possible valley 
fills of Kansan drift below the Nebraskan gumbotil horizon. Also, 
the boundary omits the re-entrants into the smaller valleys. 

In the western part of the region the general southward slope of 
the Aftonian horizon exceeds slightly the corresponding general south- 
ward descent of the mature land surface. Practically all the Kansan 
drift has been removed from the area near the Iowa boundary, and 
the Nebraskan gumbotil occurs on some hilltops as far south as central 
DeKalb County, Missouri. Still farther south it crops out lower on 
the hill slopes. Small outliers of Kansan till probably cap many 
divides in areas shown as Nebraskan drift. 

Kansan drift still covers most of the eastern part of the region, 
with limited inliers of Nebraskan drift along some of the valleys. 
These inliers apparently terminate eastward against bedrock. 


THE DRIFT SHEETS 
GENERAL STATEMENT 


The Kansan and Nebraskan drift sheets have been carefully studied 
in Iowa (Kay and Apfel, 1929). Ice appears to have moved generally 
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southward, but striae show some local variation. Most striae occur 
at the locally higher bedrock altitudes and probably were made by 
Kansan ice, though definite proof is lacking. 


NEBRASKAN DRIFT 


Preglacial surface-—The preglacial bedrock relief in northwestern 
Missouri exceeded 400 feet (Trowbridge, 1938) though the local relief 
was less in most counties. The major drainage line followed approxi- 
mately the present course of the Grand River. Few data are avail- 
able regarding the bedrock surface in northeastern Missouri, but ob- 
served areas of outcrops suggest that the preglacial relief was about 
the same as that farther west. 


Thickness—Nebraskan drift filled the preglacial valleys, though it 
only mantled some of the higher bedrock hilltops. Thus along the 
upper part of Chariton River valley the bedrock crops out at altitudes 
slightly higher than the adjacent Nebraskan gumbotil horizon and is 
overlain only by Kansan drift. Other similar areas, especially in the 
east-central and southwestern parts of the region, probably were once 
mantled with Nebraskan drift. The present maximum thickness of 
Nebraskan drift may exceed 200 feet locally in northwest and north- 
central Missouri, but it averages about 50 feet (estimated). 


Aftonian surface—Figure 3 shows the generalized configuration of 
the Nebraskan gumbotil surface. The main drainage line seems to 
have been somewhat north of the present Grand River valley and may 
have continued generally eastward to the Mississippi. The Aftonian 
valleys were probably shallow. 


KANSAN DRIFT 


Thickness—In a few places the Kansan and Nebraskan gumbotils 
occur within a mile of each other, and the approximate thickness of 
the Kansan drift can be ascertained. In the northeastern part of the 
region it is 40 to 50 feet thick, 80 to 100 feet in the north-central part, 
and 50 to 60 feet in the west-central part. It is much thinner near the 
drift margin. In many localities the Aftonian horizon is either con- 
cealed or has been destroyed. In the latter case the actual thickness 
of Kansan drift may exceed the computed thickness as measured ver- 
tically between the projected gumbotil horizons. The present erosion 
cycle has removed the Kansan drift from extensive areas in the north- 
western part of the State. 


Kansan till plain—Many of the stream courses consequent on the 
Kansan till plain are nearly straight and subparallel throughout their 
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lengths of more than 50 miles. Their relatively close spacing suggests 
that the till-plain surface was characterized by shallow, large-scale 
flutings which may indicate the general directions of flow of the Kan- 
san ice. In part, they may reflect the Aftonian surface and hence be 
related to the directions of movement of the Nebraskan ice. Valley 
deepening was probably negligible during Yarmouth time, for the 
common occurrence of secondary carbonate nodules within 10 feet of 
the base of the gumbotil implies a fairly high water table and prac- 
tically stagnant ground water. 


PROBLEMATICAL AGE OF BORDER DRIFT 


The drift border lies mostly in the dissected area adjoining the Mis- 
souri River valley, and many of the isolated patches of till are com- 
pletely oxidized and leached. The leached zone beneath the Kansan 
gumbotil averages at least 10 feet, while that beneath the Nebraskan 
gumbotil averages less than 5 feet. Although the border-zone drift 
apparently weathered under drainage conditions that resulted in deep 
leaching and lack of typical gumbotil characteristics, much of the leach- 
ing may be post-Aftonian. Therefore Kansan drift may appear as 
old as Nebraskan. Criteria for determining satisfactorily the age of 
drift in much of the border zone are lacking. 


CONCLUDING STATEMENT 


Maximum accuracy in correlating drift exposures requires data from 
critical localities when favorable exposures become available. The 
natural deterioration of road-cut exposures is now augmented by land- 
scaping of the excavations. Therefore such outcrops may be studied 
best while excavation is in progress. A consistent program of study is 
needed which should yield much additional information about the 
glacial deposits in Missouri. 
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Figure 


Plate 
1. Geologic map and structure sections of upper Laramie River Valley........ 


ABSTRACT 


The upper Laramie River Valley is at the junction of the Medicine Bow Range 
and the Colorado Front Range. Pre-Cambrian crystallines and 8000 feet of pre- 
dominantly shaly Paleozoic and Mesozoic beds are sharply folded and faulted. The 
valley, a structural trough trending north to northwest, is bounded on both sides 
for the most of its length by outward-dipping thrust faults. Near the south end, 
where the trough is deepest, its width is less than the respective slips of the bounding 
faults. Erosion must have cut away the front of one or both of the advancing 
thrust blocks during the interval of deformation in order to permit them to reach 
their present positions. 

The following unusual features are described and discussed in terms of genesis: 
(1) A northeast-dipping thrust carries an anticline onto the adjacent anticline to 
the southwest and produces thrusting of younger rocks onto older. In the fault 
zone are slice blocks younger than both formations bounding the fault zone. (2) East 
of this thrust is a north-striking high-angle fault with downthrow on the east. The 
fault terminates against the thrust to the south and dies out in a monocline to the 
north. (3) A high-angle fault shows several reversals of relative vertical movements 
of blocks. (4) Several high- and low-angle faults turn in depth toward stratification 
and do not affect the erystallines. (5) Pre-Cambrian and younger rocks occur in 
relations that permit deductions on the influence of pre-Cambrian lithology on 
Laramide structures. 

Application of criteria to distinguish underthrust from overthrust faults leads to 
inconsistent results. It is concluded that features in the mapped area of a kind 
that have been ac vanced as criteria show only differential relative movements pro- 
duced by east-west compression acting on a vertically and horizontally nonuniform 
crust. 


INTRODUCTION 


Studies of Rocky Mountain structure by the Geological Survey of 
Wyoming have covered a large part of the eastern border of the Medi- 
cine Bow Range. The detailed mapping, including an area terminating 
3 miles north of the Colorado line, was done by the writer. Reconnaissance 
showed that structural features to the south in Colorado have no counter- 
part in the border of the Medicine Bow Range in Wyoming and are 
uncommon in the Rocky Mountains. Exposures of pre-Cambrian rocks 
in close association with folds and faults affecting Paleozoic and Meso- 
zoic sediments provide more information on pre-Cambrian contro! of 
Laramide structure. The present study of an area of about 165 square 
miles was undertaken as a continuation of previous work. 
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The geology of the area (Fig. 1) was first mapped in generalized 
form by the Fortieth Parallel Survey (King, 1876, Map I). The parts 
of the geologic maps of Colorado (Burbank, 1935) and Wyoming (Camp- 
bell, 1925) covering the upper Laramie River Valley are based on recon- 


“AN 
“as, 


ola 


Peg Tertiary Mesozoic and 
igneous rocks Paleozoic sediments Plate 1 
Y Tertiary rae Pre-Cambrian igneous SCALE 
‘1 sediments 72144] and metamorphic rocks ° 10 20 30 Miles 


Ficure 1—IJndex map 


wy 
LEA. 


naissance and lack detail. The geologic map of the Laramie quadrangle 
(Darton et al., 1910), a 30-minute quadrangle north of the ‘State line 
and east of the 106th meridian, is on a scale large enough to show struc- 
ture fairly accurately. Because of a mistake in stratigraphy and omis- 
sion of a fault south of Ring Mountain in the geologic map of the 
Laramie quadrangle, the writer remapped the part of the quadrangle 
indicated in Figure 1. 

Topographic maps on a scale of 1 : 125,000 cover the upper Laramie 
River Valley except the part south of the State line and west of the 
106th meridian. The contour interval of the Laramie quadrangle is 50 
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feet; that of the Medicine Bow quadrangle west of the Laramie and 
the Home quadrangle south of it is 100 feet. 
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METHOD OF GEOLOGIC MAPPING 


Except for a strip 1 to 2 miles wide along the northern border the 
area (Pl. 1) is covered by aerial photographs taken for the United States 
Forest Service. North-south overlap of adjacent prints in the line of 
flight is about 60 per cent; lateral overlap of strips varies from 10 to 
80 per cent. The scale is about 3 inches = 1 mile but varies as much 
as 10 per cent because of ground relief and, in some cases, variation in 
flight elevation. Some prints are as much as 10° out of orientation. 

The geologic map was originally drawn on the prints. Exact orienta- 
tion of a print was not known, and consequently strikes were plotted 
roughly and later corrected. Inasmuch as topographic relief was very 
useful in tracing out boundaries of geologic units, particularly through 
forest, drawing in the field was done under a stereoscope. 

Plane-table ground control was carried out on a scale of 1 inch = 
2000 feet, which is about 15 per cent smaller than the average scale of 
the photographs. The base line in Ts. 9 and 10 N. was laid out along 
the Laramie River by stadia and checked by rays to points several miles 
on both sides. The base line for the northern part was chained from the 
road intersection on the south boundary of sec. 34, T. 11 N., R. 76 W., 
to the south face of Red Mountain (PI. 1). Triangulation carried around 
the east and west sides of the mountain closed on a flag at the northeast 
end with an error of 75 feet. 

Section, quarter, and correction corners shown on the map were located 
directly on the plane-table sheets. The part of the map outside the area 
covered by photographs was made by the usual plane-table and stadia 
methods. The remainder was redrawn on the plane-table sheets from 
the photographs by precision pantograph. Adjustment of the pantograph 
as required by variations in scale of parts of a print reduced distortion 
error to less than 100 feet for most of the area. 
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In the southwestern part of T. 10 N., R. 76 W., and in a strip about 
1 mile by 3 miles along the upper part of Shell Creek in T. 11 N., Rs. 75 
and 76 W., the timber is so dense that the plane table could not be used. 
For these areas prints were fitted together, and the map was panto- 
graphed on the sheets using triangulation points several miles apart 
without adequate check points for distortion. Map locations in these 
areas are probably much less accurate than in the remainder of the 
map. 

TOPOGRAPHY AND DRAINAGE 


The northern part of the upper Laramie River Valley (Fig. 1) is sep- 
arated from the Laramie Basin by four mountains, Jelm, Ring, Red, and 
Bull, which form a watershed 1500 to 2000 feet above the river. The 
lowest point on the crest, at 8100 feet elevation, is at Red Mountain 
Pass between Ring Mountain and Red Mountain (PI. 1), and the highest, 
at 10,000 feet, is at the southeast end of Bull Mountain. An unusual 
feature of the mountains is that pre-Cambrian crystalline rocks do not 
form the highest parts. The crest of the northwestern part of Bull 
Mountain, which consists of pre-Cambrian rocks, is at about 8600 feet. 
Outliers of Dakota sandstone and Benton shale capping Red Mountain 
and the central and southeastern parts of Bull Mountain stand from 
500 to 1400 feet higher. 

From the Dakota and Benton outlier of the southeastern part of Bull 
Mountain a hogback 500 to 700 feet high formed by the Dakota sand- 
stones and conglomerates extends 3 miles south and joins Green Ridge. 
Jimmy Creek has cut a steep notch in the hogback and a broader valley 
in the less resistant sediments to the east. Sand Creek Pass at the head 
of the valley on the outcrop of the Casper sandstone is at 9000 feet 
elevation. Green Ridge to the south is a part of the Front Range. Its 
gently rolling surface a few miles east of the Laramie River varies between 
10,000 and 10,400 feet. The western edge is a scarp 1500 feet high with 
slopes up to 30° for hundreds of feet. 

The flood plain of the Laramie River rises from about 7800 feet at 
the north boundary of the map (PI. 1) to 8350 feet at the south boundary. 
The northern 2 miles of the stream is in a narrow winding canyon cut 
in resistant pre-Cambrian gneisses. A few thousand feet to the east 
horizontal Tertiary beds lie unconformably on pre-Cambrian and younger 
rocks. The winding course of the canyon and the horizontal cover in 
the immediate vicinity clearly indicate a superposed stream. Southward 
the valley floor widens to about 4 miles in the southern part of T. 11 N., 
where much of it is covered by thin terrace gravels. The present 
flood plains of the Laramie River and its larger tributaries are 50 to 100 
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feet below the terrace surface and locally are several thousand feet wide. 
Northeast from the floor the land surface rises abruptly to Bull Mountain, 
To the west and southwest the surface carved principally on. Tertiary 
sediments rises gradually and, in some places where the Tertiary overlaps 
onto the pre-Cambrian, merges with the gently rolling surface of the 
Medicine Bow Range at elevations of 8500 to 9000 feet. 

Between the Front Range and the Medicine Bow Range in the south- 
ern part of the area are two longitudinal valleys and an intervening 
ridge. The northern part of the ridge, North Middle Mountain, has a 
flat top at about 8600 feet elevation. The north and south ends carved 
from pre-Cambrian rocks project several hundred feet higher. Middle 
Mountain is a rounded ridge that turminates in a sharp peak of pre- 
Cambrian rocks at 9300 feet. The northern part of the western valley 
is drained by McIntyre Creek, and the southern part by Stub Creek 
and the Laramie River. The eastern valley is occupied by the Laramie 
River, Nunn Creek, and Porter Creek, a short stream that flows south 
along the east side of Middle Mountain and joins the Laramie River 
2 miles south of the map boundary. The writer does not attempt to 
explain the peculiar drainage pattern but suggests that it may be genet- 
ically connected with superposition from Tertiary cover and glacial dam- 
ming, because the single valley south of Middle Mountain is a glacial 
trough. 


PRE-CAMBRIAN ROCKS 


The pre-Cambrian rocks were not mapped in detail. The aerial pho- 
tographs, however, yield considerable information on the character and 
structural features of the pre-Cambrian rocks; where these seemed to 
have influenced Laramide structures detailed observations were made. 

Among the oldest rocks are quartz-biotite schists. In a few places 
muscovite is fairly abundant, indicating that the rocks originally may 
have been sediments. The schists are cut by accordant and transgressive 
tabular masses of metadiabase showing, in many places, well-developed 


3 parallel alignment of feldspar and hornblende crystals. Metamorphics ( 
of undoubted sedimentary origin, such as quartzites and marbles, were ( 
not observed in place or as pebbles in gravels carried by streams draining ( 
the more remote parts of the mountains. Apparently the thick quartzites y 


and marbles in the central part of the Medicine Bow Range west of 
Centennial (Blackwelder, 1926) do not extend into the southern part. 
The quartz-mica schists are probably, in part at least, the equivalent 
of the Idaho Springs formation of the central Front Range (Lovering, 
1935, p. 6-10). Lovering showed that the formation was originally sedi- 
: mentary and that schistosity parallels stratification. He states (1929, 
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p. 64) that the thickness of the sediments has been estimated by Clarence 
King as not less than 25,000 feet and that no more accurate figure is 
available. 

Hornblende schists and greenstones are also found in the pre-Cambrian 
complex and are cut by metadiabases and irregular masses of basic rock 
coarse enough to be classed as gabbro. These rocks represent a period 
of basic extrusive and intrusive.igneous activity during which the meta- 
diabases cutting the mica schists were intruded. The basic rocks are 
probably at least partial equivalents of the Swandyke hornblende gneiss 
of the central Front Range (Lovering, 1935, p. 10-11) and the hornblende 
schists (Spock, 1928, p. 185) in the northern part several miles south of 
the head of the Laramie River. 

The mica schists and basic igneous rocks have been invaded by a 
granite batholith. Locally massive coarse pink granite is exposed over 
areas of several square miles,—apparently representing cupolas. Other 
exposures of granite show numerous schist and metadiabase xenoliths, 
some of which are only slightly altered and others so completely digested 
that they are merely patches of granite containing abnormally high per- 
centages of ferromagnesian minerals. In many places the schists are 
cut by aplite and pegmatite dikes that interfinger with the schists, show- 
ing an early stage of injection. The most extensive areas of granitic 
rocks consist of pink and gray gneisses formed by lit-par-lit injection of 
the schists. Within the gneisses, even where the original schists have been 
almost entirely absorbed, tabular and irregular masses of metadiabase 
and other basic intrusives at first appear to be dikes. Actually they are 
cut by granite dikelets and consequently are older than the granites; the 
tabular basic intrusives are remnants that resisted injection because of 
their poor cleavage. 

STRATIGRAPHY 


GENERAL STATEMENT 


The stratigraphic section (Table 1) includes approximately 8200 feet 
of Pennsylvanian to Upper Cretaceous beds. Disconformities in the suc- 
cession produce no noticeable discordance. Two angular unconformities 
occur, one at the base of the Fountain, and the other at the base of the 
Tertiary. The Tertiary laps onto all older rocks. 

Thickness of the Fountain was obtained from the width of outcrop 
where the beds are nearly vertical in the western part of T. 12 N., 
R. 77 W. (Pl. 1). The section from Casper to Morrison was measured 
by Brunton and steel tape in secs. 8 and 9, T. 11 N., R. 76 W. Because 
of poor exposures, sections of the Dakota and Benton groups were not 
measured ; the figures given are for a locality 18 miles north of the State 
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line in sec. 19, T. 15 N., R. 77 W. (Beckwith, 1938, p. 1519). The 
Niobrara was measured by Brunton and steel tape in the NW \ sec. 17, 
T.11 N., R. 76 W. Thickness of the Steele was obtained from scaled 
widths of outcrops and dips in secs. 2 and 11, T. 10 N., R. 76 W. The 
minimum thickness for the Mesaverde was estimated from dips and the 
distance in secs. 23 and 24, T. 10 N., R. 76 W., from beds in the lower 
part of the formation to the inferred position of the axis of the Laramie 
River syncline. The larger figure for thickness of the Tertiary is based 
on topographic relief of the area dissected by Forester Creek and Grace 
Creek. 
NOTES ON NOMENCLATURE 

The stratigraphy is well known. Many of the units of Table 1 are 
identical with those of Darton et al. (1910, p. 5-11). The stratigraphic 
subdivisions previously used by the writer (1938, p. 1519-1522) in the 
adjacent area to the north required little revision. The following notes 
correlate terminology with that used in surrounding territory. 

The Casper formation of Darton eé al. (1910, p. 5-6) was divided by Knight 


(1929) into Fountain and Casper. The writer (1938, p. 1521), using the term Casper 
as restricted by Knight, recognized the following members: 


Thickness 
Member (feet) 
Buff festoon cross-laminated 80 
White festoon cross-laminated 70 


The upper sandstone extends to the southernmost exposures in T. 9 N. (PI. 1). 
The gray sandy shale becomes more sandy southward and is apparently represented 
by the flaggy sandstones in the lower part of the measured section (Table 1). The 
term Casper, as here used, consequently includes only the upper two members of 
the Casper in the area to the north. The red and white shaly sandstones are 
present in the upper Laramie River Valley but were included in the Fountain 
because of the difficulty of distinguishing them from the underlying beds. The lower 
white sandstone extends into the northern 2 miles of T. 12 N. but was mapped 
as part of the Fountain. This makes little difference in adjoining maps west of 
Ring Mountain, where the Casper dips steeply. On the east side, however, where 
dips are low, the base of the Casper is shown in the SE % sec. 32, T. 13 N., R. 76 W. 
(Beckwith, 1938, Pl. 1), but not immediately to the south in sec. 5, T. 12 N., R. 76 W. 
The white sandstone present in this section extends southwest and terminates 
against Ring Mountain fault in sec. 7. 

The term Satanka is used in the same sense as by others. There has been, 
however, much controversy about identification of the formation around Red Moun- 
tain. Darton et al. (1910, p. 7) say: 

“The Satanka shale lies between the Forelle limestone and the Casper forma- 


tion along the west slope of the Laramie Mountains. East of Laramie the shale 
lies on limestone that forms the top of the Casper formation, but farther north 
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and south it rests on massive gray sandstone. The shale is absent in the region 
between Sand Creek and Red Mountain, where the Forelle limestone lies directly 
on light-colored sandstone that is believed to be at the top of the Casper formation,” 


Thomas studied the Permian and Lower Triassic red-bed succession extensively 
from central to southeastern Wyoming. He gives a detailed section (Thomas, 1934, 
p. 1690) measured at Gypsum Butte, which is shown on the map (PI. 1) by the 
Forelle outliers in the NE % sec. 9, T. 12 N., R. 76 W. He identifies the 15-foot 
limestone capping the butte and extending 4 miles along the north base of Red 
Mountain as Forelle. In the Satanka well exposed beneath it he lists 72 feet 
of red sandy shale, 53 feet of gypsum, 5 feet of pink shaly limestone, and 3 feet 
of olive shale resting on the Casper. He says (Thomas, 1934, p. 1689) : 

“Misstatements as to the stratigraphy of the Satanka, the Forelle, and the lower 
part of the Chugwater at Red Mountain have become almost hopelessly entangled 
in the geologic literature. A fossiliferous limestone, which in places is a breccia, 
was mistaken by Darton and Siebenthal for the Forelle. Since the limestone occurs 
only three feet above the top of the Casper, they assumed that the Satanka was 
absent at Red Mountain.” 


The writer’s observations corroborate those of Thomas. The red sandy shale of 
the Satanka is present in the upper Laramie River Valley to the southernmost 
exposures of sediments. The gypsum bed thins out in a short distance from Red 
Mountain; it is present in the exposures in the W % sec. 29, T. 12 N., R. 76 W,, 
and disappears in the 2 miles of outcrop to the east. The lower limestone of the 
Satanka is locally present at least as far south as the southern part of T. 11 N. 
The writer’s map of the area around Red Mountain is markedly different in some 
places from that of Darton et al. (1910, Areal Geology) because of their failure to 
recognize the Satanka. 

The term Chugwater, as used by Darton et al. (1910, p. 7-8), designated all the 
red beds above the Forelle. Knight (1917) recognized that the upper 250 feet is 
separated from the lower part by a disconformity and, for the part above the 
disconformity, proposed the name Jelm formation. The writer found that this unit, 
consisting of resistant sandstones and conglomerates between the Chugwater red 
shales and the Morrison variegated shales, is convenient for mapping. Heaton (1939) 
has shown that the upper part of the Jelm is the Entrada (Jurassic) sandstone and 
probably the equivalent of the basal sandstone of the Sundance. He says (Heaton, 
1939, p. 1158): 

“Section No. 1 at Bull Mountain, Wyoming,’ shows nearly 300 feet of massive 
sandstone, the upper half of which is quite different in appearance from the lower 
half and is separated from it by a layer of limestone and red shale. The entire 
thickness is undoubtedly Knight’s Jelm formation, but it seems quite likely that 
the Entrada is represented in the upper part.” 


The Morrison formation is so well defined and generally recognized that no 
comment is necessary. 

The term Cloverly formation was applied by Darton et al. (1910, p. 9) to the 
two lower members of the Dakota group (Table 1); they included the two upper 
members in the Benton group. Because of the convenience of drawing contacts 
at the base of a well-defined conglomerate or conglomeratic sandstone and at the 
top of a ridge-forming sandstone, the writer preferred to place all the sandstones 
in one stratigraphic unit and to use the term Dakota group as defined by Lee 
(1927, p. 18). 


1 Apparently a mistake in location with respect to the State line, as Bull Mountain is in Colorado. 
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The term Benton group, as here used, is a restriction of the term Benton shale 
of Darton et al. (1910, p. 9), as the top of the Dakota group is drawn higher than 
the top of the Cloverly formation. Although they recognized several members in 
the Benton shale, they did not completely subdivide it. The formations of the 
Benton group in Table 1 are essentially those recognized by Dobbin et al. (1929b, 
p. 139) in the Rock Creek oil field east of the Medicine Bow Range about 50 miles 
north of the State line; their Thermopolis shale, however, also includes the upper 
two members of the Dakota group. The writer’s map (Pl. 1) does not show the 
formations of the Benton group because they can be distinguished only in areas 
of excellent exposures; they were recognized in many places and were useful for 
structural interpretation. 

Thomas (1936) has shown that the Carlile shale is of Niobrara age. The writer 
did not, however, include it in the Niobrara because, in most places, the Wall 
Creek sandstone immediately below is not well enough exposed for mapping. 

No revision is made in the terms Niobrara, Steele, and Mesaverde as defined by 
Darton et al. (1910, p. 9-10). 

The Tertiary consists largely of material derived from rocks in the immediate 
vicinity. In most places the fragments in the conglomerates and breccias are 
granites and metamorphic rocks. West of Red Mountain the Tertiary contains 
Dakota sandstone and conglomerate boulders several feet across. At the north 
end of North Middle Mountain it contains pebbles of extrusive igneous rocks several 
inches across; these increase in size southward to more than a foot at the south 
end of the mountain. Specimens were collected from a road cut in the NW % 
sec. 35, T. 10 N., R. 76 W., where the boulders are undoubtedly embedded in ashy 
material. Thin sections show that the rocks are rhyolitic tuffs, flow-banded rhyo- 
litie obsidians, and porphyritic latites. Spock (1928, p. 214-235) describes volcanics 
of these types in place about 20 miles to the south. 

The Tertiary is best exposed in the valley of Grace Creek, but a complete section 
cannot be measured. The lower part seems to consist of fine ash beds; the upper 
part contains ashes and conglomerates. The lithologic succession suggests that the 
Tertiary here is the equivalent of the Brule clay of Oligocene age and the Arikaree 
formation of Miocene age described by Darton et al. (1910, p. 10-11) in the area 
west of Cheyenne (Fig. 1). The same general lithologic succession can be recog- 
nized in the southern part of the Centennial Valley. A jaw and teeth found here 
in the lower beds have been identified as belonging to the genus Leptomeryz, 
showing that the sediments are almost certainly upper Oligocene (Beckwith, 1938, 
p. 1522). 

TIME OF DEFORMATION 


Direct evidence in the upper Laramie River Valley shows only that 
deformation occurred after deposition of the Mesaverde formation and 
before the Tertiary sediments of probable Oligocene and Miocene age. 
In the Hanna Basin beyond the north end of the Medicine Bow Range 
there were, during this interval, two periods of deformation. The coal- 
bearing Hanna formation of early Eocene age (Dobbin et al., 1929a, p. 25) 
about 5 miles north of the range contains granite pebbles, showing that 
pre-Cambrian rocks were exposed to the south at this time. The Hanna 
formation overlaps thousands of feet of Cretaceous beds, lies on rocks as 
old as the Dakota, and is folded. In North Park (Fig. 1) the same 
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history is shown. Near Walden the coal-bearing Coalmont formation, 
now regarded as unquestionably of Eocene age (Wilmarth, 1938, p. 474), 
contains conglomerates with quartz, limestone, chert, and schist pebbles 
up to 3 inches in diameter (Beekly, 1915, p. 55); Paleozoic and pre- 
Cambrian rocks in the southern part of the Medicine Bow Range were 
consequently exposed during the Eocene. The Coalmont overlaps several 
thousand feet of Pierre shale, the approximate equivalent of the Steele 
and Mesaverde (Table 1). It rests on rocks as old as Niobrara, is 
sharply folded, and is faulted against rocks as old as pre-Cambrian 
(Beekly, 1915, Pl. 12). 

It is inferred that deformation in the vicinity of the junction of the 
Medicine Bow Range and Front Range began with arching and erosion 
of the arch while the late Cretaceous sea still persisted at short distances 
from the present mountains. Folding and thrust faulting occurred during 
early Eocene and continued long enough to affect beds of this age but 
ceased before Oligocene time. 


DEPTH OF BURIAL 


The folded sediments in the upper Laramie River Valley are about 8000 
feet thick. Farther north the Mesaverde is succeeded conformably by 
3000 feet of marine Lewis shale and several thousand feet of grits, sand- 
stones, carbonaceous shales, and coals constituting the Medicine Bow 
formation. The Medicine Bow is overlain unconformably by the Hanna 
formation. At the Citizen’s Coal Mine 5 miles north of Sheep Moun- 
tain (Fig. 1) the lower beds of the Medicine Bow contain conglomerates 
with pebbles of Dakota sandstone and Mowry shale several inches across. 
Thousands of feet of marine beds must therefore have been stripped from 
the adjacent rising arch by early Medicine Bow time. A similar con- 
clusion is reached for the region to the south. Lovering (1935, p. 50) 
states: 

“Before the end of Pierre time the central part of the Front Range highland was 
pushed above the level of the sea, and the recently deposited shales were expo 
to erosion. They were reworked into the upper part of the marine Cretaceous, and 
the Dakota sandstone was also exposed and reworked at many places and was 
— the source of much of the sandy material found in the Fox Hills sand- 

The short distance of 45 miles from the Citizen’s Coal Mine to the 
south end of the area mapped by the writer suggests that at least part 
of the Lewis was deposited over the area. A probable minimum thickness 
of sedimentary cover when deformation began is therefore about 10,000 
feet; probable maximum is 15,000 feet. Pre-Cambrian pebbles in the 
Coalmont formation only 20 miles west and folds and faults affecting 
it strongly indicate complete removal of sedimentary cover from some 
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of the mountains bordering the upper Laramie River Valley during the 
later stages of deformation. 


COMPETENCE OF ROCKS 


The structural pattern produced in an area during an orogeny is de- 
pendent upon a number of interrelated factors such as confining static 
pressure, physical properties and positional relations of different rock 
masses, and association with igneous phenomena. It is proposed to point 
out facts that seem to explain, in a measure, some of the characteristics 
of the structural pattern of the area described. 

Stratigraphic evidence indicates that at the beginning of deformation 
the sedimentary cover was 10,000 to 15,000 feet thick. These figures are 
low in comparison with thicknesses up to 40,000 feet in the geosyncline 
of western Wyoming and eastern Idaho. Confining static pressures and 
temperatures were consequently comparatively low in the sediments and 
the part of the pre-Cambrian now exposed to observation. During the 
later stages of deformation the sedimentary cover was much thinner, 
and pre-Cambrian rocks were locally exposed. 

Tertiary igneous rocks do not occur in the area studied. Some of those 
shown in Figure 1 are of the same age as the horizontal Tertiary sedi- 
ments. The two bodies to the east and one to the south are indicated on 
the geologic map of Colorado (Burbank, 1935) as early Tertiary intru- 
sives. It is doubtful, however, that they have had any effect on struc- 
ture of the area of Plate 1, as its features are similar to those found far 
to the north in the Medicine Bow Range (Beckwith, 1938; 1941a), where 
Tertiary igneous rocks are absent. 

The various types of pre-Cambrian rocks would necessarily deform 
differently. Although the writer knows of no experimental work on mode 
of deformation of metamorphic rocks under stress applied in a direction 
different from that which produced metamorphism, it is probable that 
schists with excellent cleavage, under some conditions, deform by folding 
much as do well-stratified sedimentary rocks; gneisses tend less to slip 
along banding and are less subject to folding without faulting; and mas- 
sive granites deform mainly by faulting or movement along closely spaced 
joints. Evidence is given later to indicate that the core of a sharp anti- 
cline involving the sediments is a schist and that the block above an 
adjacent major thrust fault is mainly massive granite. The writer be- 
lieves that such differences in behavior of the pre-Cambrian complex are 
responsible for some of the structures from which oil is produced in the 
Rocky Mountain region (Beckwith, 1941b, p. 2189). 

The folded sedimentary rocks are predominantly shaly. Thick massive 
limestones, such as those in the lower part of the succession in western 
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Wyoming and eastern Idaho, are conspicuously absent. This fact and 
the small superincumbent load seem to account, in part at least, for the 
absence of flat thrusts known in the deeper part of the Rocky Mountain 
geosyncline to the west (Mansfield, 1927; Pierce, 1941). Crustal short- 
ening east of the Medicine Bow Range is apparently much smaller and 
was produced by sharp folding, some of which undoubtedly affects the 
pre-Cambrian rocks, and by movement along high-angle thrust faults. 
The sedimentary rocks transmitted horizontal compression only locally 
and were bent and broken largely in response to movement of the adjacent 
pre-Cambrian rock masses. 

Beds of unusually low strength and resistance to slipping along strati- 
fication are found in two parts of the succession. In the area around Red 
Mountain a gypsum bed up to 50 feet thick occurs 800 feet above the 
pre-Cambrian in the lower part of the Satanka. Gypsum beds several 
feet thick occur in the lower Chugwater less than 100 feet higher in the 
succession; they extend through most of the area. Bentonite seams are 
abundant in the lower part of the Benton group about 2500 feet above 
the pre-Cambrian. They seem to have acted as a lubricant and played 
a part in the localization of faults. 

The cross-bedded sandstones and conglomerates of the Jelm and Dakota 
would not slip easily along stratification and have sufficient strength to 
transmit stress and support part of the weight on the crest of an arch; 
they are also brittle. Several faults affecting this part of the succession 
and apparently dying out downward in the lower Chugwater were formed 
by fracturing of brittle beds and downward propagation of the fault into 
others that glide easily. 

STRUCTURE 


ADJACENT AREA TO THE NORTH 


The area north of Plate 1 has been mapped and described (Beckwith, 
1938). Because of the Tertiary cover west of Ring Mountain, it seems 
advisable to summarize some of the structural features exposed to the 
north. 

The narrow trough between the Medicine Bow Range and Jelm Moun- 
tain (Fig. 1) contains folded Paleozoic and Mesozoic sediments. On the 
west the trough is bounded by the West Woods fault, a westward-dipping 
thrust along which the pre-Cambrian moved east onto beds as much as 
3500 feet above the base of the succession. The fault either dies out 
southward or turns west into the pre-Cambrian, for the full thickness of 
the Fountain is present at the north boundary of Plate 1. The trough 
is bounded on the east by the East Woods fault, which is believed to be 
a westward-dipping subsequent shear thrust along which the beds were 
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carried up to the east onto the pre-Cambrian of the west flank of Jelm 
Mountain. This fault has a displacement of at least 1 mile where it 
passes beneath the Tertiary at the southwest end of Jelm Mountain. One 
mile north of Plate 1 a syncline and an anticline occur between the Woods 
faults. The syncline is undoubtedly the northward continuation of Stuck 
Creek syncline. The anticline to the east is thrust onto Jelm Mountain 
anticline. 

Jelm Mountain is bounded on the east by a westward-dipping thrust 
that apparently dies out in the limb of an overturned anticline somewhere 
west of Ring Mountain. The north end of Ring Mountain is an anticline 
with no evidence of faulting. Several thousand feet east an eastward- 
dipping thrust brings to the surface a small mass of pre-Cambrian not 
shown in Figure 1, to which the name East Ring Mountain was given. 

The exposed pre-Cambrian rocks in the belt 2 miles wide north of the 
junction of the maps seems to explain some of the peculiarities in struc- 
tural behavior. The eastern edge of the Medicine Bow Range consists 
mainly of gneiss, a type likely to deform by fracture. In the south end 
of Jelm Mountain the pre-Cambrian rocks are schists with well-developed 
cleavage, thus explaining the apparent transition from a thrust fault 
at the middle of the east side of the mountain to an overturned fold 
at the southeast end. The two sharp folds in the sediments west. of 
the south end of Jelm Mountain are probably genetically related to ex- 
tension of the schists in this direction. The pre-Cambrian rocks in the 
folded north end of Ring Mountain are schists and metadiabases. The 
rocks of the East Ring Mountain fault block are mainly massive granites. 


RING MOUNTAIN AND RED MOUNTAIN PASS AREA 


The south end of Ring Mountain (PI. 1) consists of massive pink 
granites and gneissoid granites containing undigested remnants of meta- 
diabase. The overlying beds dip in general to the south and outline a 
southward-plunging anticlinal nose. In and near the pre-Cambrian, Ring 
Mountain fault is close to the crest of the anticline. From here it strikes 
southwest diagonally across trend of the fold into the west flank. South 
of Red Mountain Pass dips in the west flank steepen westward up to 70° 
in the Niobrara near the center of sec. 13. In both blocks, beds tend to 
parallel the fault as they approach it. The Forelle in the SW \ sec. 6 
is affected by local folds trending parallel to the fault. A syncline is 
shown on the map; east of the syncline are two folds too small to be 
shown. Crumpling in the immediate vicinity of the fault points to com- 
pression normal to fault strike. 

The block east of the fault is upthrown. At the base of the Fountain 
in the east block the stratigraphic separation (Reid et al., p. 174), or 
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thickness of beds faulted out, is about 950 feet. Where the Casper and 
Dakota are in contact west of the center of sec. 7, stratigraphic sepa- 
ration is about 1300 feet. Net slip of the fault therefore apparently 
increases southward. Near the southwest corner of sec. 7 Morrison on 
the east is in contact with middle Dakota black shale; here less than 100 
feet of beds is faulted out, and to the south the fault does not offset 
the top of the Dakota. The rapid southward decrease in stratigraphic 
separation in the SW 14 see. 7 indicates that the fault cutting out part 
of the Dakota is merely a branch of a fault farther west beneath the 
Tertiary. An assumption that Ring Mountain fault dies out in the 
vicinity of the southwest corner of sec. 7 would also fail to account for 
continued steepening of westward dips in the west flank of the anticline 
toward the center of sec. 13. 

The dip of Ring Mountain fault could not be obtained. Where its 
surface trace ascends from the broad valley south of Ring Mountain 
toward Red Mountain Pass the trace swings to the west, indicating dip 
to the east. That Ring Mountain fault is an eastward-dipping thrust, 
as shown near the center of section A-A’ (Pl. 1), is indicated by the 
fact that the east block is upthrown, the evidence of eastward dip of 
fault, the minor folds indicating compression normal to fault strike, and 
the increase in dips of beds in the west flank of the anticline as the fault 


is approached. Ring Mountain fault is probably the northward con- 
tinuation of Bull Mountain fault, which is undoubtedly an eastward- 
dipping thrust. 


NORTHWESTERN AREA 


Along the eastern edge of the Medicine Bow Range beds in the lower 
part of the succession are vertical or dip at high angles to the east. 
Within half a mile to 2 miles the beds flatten eastward into Stuck Creek 
syncline. In the zone of marked flattening minor folds affect the Mor- 
rison and Dakota. In the SW 4 sec. 33, T. 12 N., R. 77 W., an anti- 
cline and a syncline account for the large width of outcrop of the 
Morrison. Two miles south in secs. 9 and 10 the Morrison appears to 
have a width of outcrop of half a mile; small folds concealed by the 
Tertiary seem to account for this. In addition a fault, probably a thrust 
of not more than 200 feet net slip, omits part of the Benton group in 
the outcrop to the east. Farther south in Grace Creek Canyon the Dakota 
is crumpled into four folds in a belt half a mile wide. To the southwest 
is a small thrust fault, possibly a branch of North Middle Mountain fault. 

Minor folding of the Morrison and Dakota in the zone of rapid flatten- 
ing is related to lithology. The Jelm and Dakota sandstones and con- 
glomerates have a higher crushing strength than the adjacent shales, 
eross-bedding inhibits slipping along stratification, and when the Jelm 
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and Dakota are sharply bent they fracture by tension. The beds below, 
between, and above them are shales (Table 1). The sandstones and 
conglomerates in the succession from Jelm to Dakota seem to have been 
unable to accommodate themselves to the general movement of rocks 
involved in the folding of the major anticline and syncline. The western 
parts of sections B-B’ and C-C’ (Pl. 1) showing minor folds are 
drawn with crestal thickening of shales in the anticlines, and the folds 
consequently die out downward. 

Stuck Creek syncline is a broad open fold. The surface trace of its 
axial plane is convex to the west and roughly parallel with Bull Mountain 
and Ring Mountain faults and the east edge of the Medicine Bow Range. 
Southward from the vicinity of the State line the syncline plunges south 
to southeast, partly accounting for the southward increase in the distance 
from the edge of the Medicine Bow Range to the axis of the syncline. 
The syncline probably continues farther south than shown on the map, 
at least to the exposure of Shannon sandstone on Forester Creek. Its 
south end is apparently cut off by North Middle Mountain fault. North 
of the State line the Chugwater is the youngest formation in the core, 
and the syncline is nearly horizontal. Beyond the map boundary it 
plunges north because beds as young as Benton appear in the center. 

Tertiary beds completely cover the area from the Laramie River to the 
west sides of Ring Mountain and Red Mountain. Inferences on structure 
of the concealed rocks are, however, possible. The Niobrara at the State 
line dips west toward a syncline. This syncline cannot be Stuck Creek 
syncline because the Dakota to the west at the mouth of Stuck Creek 
is older than the Niobrara. East of Stuck Creek syncline, consequently, 
there must be an anticline and another syncline. The same line of rea- 
soning applied to the area between the Dakota exposure south of Red 
Mountain Pass and the Chugwater at the mouth of Beaver Creek shows 
that west of Ring Mountain anticline there must be a syncline and an 
anticline; these are shown in the western part of section A-A’ (PI. 1). 
In view of the complicated structure exposed 3 miles north, which is 
shown in detail elsewhere (Beckwith, 1938, Pl. 1, sec. A-A’), relations 
shown beneath the Tertiary are probably of little value except as gen- 
eralizations. 

RED MOUNTAIN AREA 

The top of Red Mountain is capped by an outlier of resistant Dakota 
sandstone and conglomerate. Nearly horizontal beds down to the Forelle 
are exposed on the north, east, and south sides. The Chugwater red 
beds here form bare almost vertical cliffs hundreds of feet high. The 
gentler west slope of the mountain is nearly parallel to stratification 
in the Dakota. West of the outlier, however, the Dakota has been re- 
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moved, and the Morrison is exposed in a belt about 1 mile wide. Farther 
west the Dakota and Benton steepen, and near the center of sec. 13 the 
Niobrara, excellently exposed in a deep gulch, dips 70° W. The outerop 
can be traced 1 mile south from here by the chips of shaly chalk on the 
surface, but no satisfactory dips could be obtained because of deep 
weathering, which probably occurred before deposition of the Tertiary, 
and the extensive cover of gravel and ash washed down from the steep 
scarp on the edge of the Tertiary beds. On the Niobrara outcrop there 
are numerous flat fragments of calcite veinlets. Elsewhere these are par- 
ticularly abundant where the Niobrara is sharply bent. Therefore, a 
fault is probably covered by the Tertiary a short distance to the west. 

The succession from Jelm to Dakota in the scarp at the southwest 
edge of Red Mountain in sec. 30 is cut by a fault. Its dip is high, and 
the west block is upthrown. Net slip is 100 to 150 feet. The fault occurs 
where beds are flexed over the crest of the pre-Cambrian core of Bull 
Mountain, and it is evidently a tension fracture formed during bending 
of brittle beds. 

Northeast of Red Mountain in secs. 10 and 15 the succession from 
Casper to Chugwater is sharply bent down to the east in a monocline. 
Southward the monocline passes into a high-angle fault, and consequently 
the monocline shown near the east end of section A-A’ (Pl. 1) is shown 
passing downward into a fault. East of the monocline is a syncline in- 
volving beds up to the Dakota; its east flank is cut by a low-angle fault 
dipping to the west. As the evidence of mode of origin of the mono- 
cline, syneline, and two faults is more complete in the area to the south, 
their genesis is considered later. 


BULL MOUNTAIN AREA 


General statement——The name Bull Mountain is applied to three 
topographically and structurally distinct mountains. The western of 
these, in which pre-Cambrian rocks are exposed between Red Gulch and 
Horsepatch Gulch, is anticlinal. The central one extending to Trollope 
Creek and Shell Creek is synclinal. The eastern mountain is a gentle 
syncline separated from Green Ridge by the upper part of the valley of 
Jimmy Creek. The high northeastern part of the eastern mountain is 
outside the mapped area and adjoins the Sand Creek embayment of 
the Laramie Basin. 


Folds southwest of Bull Mountain——The rocks in a belt 1 to 2 miles 
wide southwest of the western part of Bull Mountain are sharply folded. 
Forester Creek anticline trends almost due north, in contrast with 
northwesterly trends of folds on both sides. At the south end, at least, 
the anticline is symmetric and upright. The exposed part plunges south. 
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Beds in the lower part of the succession are sharply flexed. The Casper 
in the west flank at the boundary between secs. 7 and 12 dips 50° SW.; 
in the east flank 800 feet away it is vertical. The sharp fold in beds 
only 700 feet above the base of the succession strongly suggests that 
the pre-Cambrian rocks are also folded. 

The pre-Cambrian hornblende schists and occasional metadiabase and 
coarse granite pegmatite forming the core of the anticline appear in an 
exposure 800 feet long and 300 feet wide around the northeast corner 
of sec. 12. The schists have excellent cleavage; where frost action has 
operated on the scarp bordering the river flood plain, the schist is broken 
into slickensided plates, many of which are less than an inch thick and 
several inches across. Fractures cutting across cleavage are less numer- 
ous than in sharply flexed cross-bedded sandstones and conglomerates 
of the Casper, Jelm, and Dakota. The metadiabases, which have a poor 
cleavage, are more extensively fractured and break into irregular angular 
fragments. The schist contains a few tabular bodies of coarse granite 
pegmatite up to 5 feet thick. The pegmatites are conformable with 
cleavage but have not produced extensive lit-par-lit injection. Cleavage 
strikes N. 30°-60°E. and dips 35°-55° NW. The banding of gneisses 
in the core of Bull Mountain 1000 feet to the east, in contrast, strikes 
northwest and is nearly vertical. The writer believes that the pre- 
Cambrian rocks in the core of Forester Creek anticline have been folded 
along with the overiying sediments. 

The Niobrara can be traced almost continuously along the southwest 
side of the central part of Bull Mountain. In the NE \ sec. 18, 
T. 11 N., R. 76 W., it outlines two sharp folds. Because of lack of space 
on the map the flank dips of 40°- 60° are omitted; their arrangement 
indicates that the folds are nearly upright. The syncline in the Niobrara 
is probably the southeastward-plunging nose of the Laramie River syn- 
cline. The exposures of Niobrara about 1 mile southeast in secs. 17 
and 20 probably belong to the east flank and crest of the anticline in 
the NE 14 see. 18. 

The trend of the belt of folds bordering Bull Mountain on the south- 
west changes progressively from northwesterly in the southern part to 
northerly in the northern part; all the folds plunge south to southeast 
away from the place of tightest folding between the northern part of 
Forester Creek anticline and Bull Mountain. 


Bull Mountain fault—Southwest of the central part of Bull Moun- 
tain beds from Fountain to Benton are involved in a sharp anticline 
plunging east-southeast. In the NW 1% sec. 22 a strike fault in the 
limb between the anticline and the Laramie River syncline omits a 
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small part of the Benton group. Displacement increases to the north- 
west, and in the SW 1 sec. 16 Morrison is in contact with middle or 
upper Benton. Here the fault forks, and the two branches surround 
a crescentic block of the succession from Chugwater to the Mowry shale 
of the Benton group. Beds within the block have been turned as much 
as 45° beyond vertical, indicating that the faults are thrusts dipping 
northeast. Relations shown in the crescentic block are extensively 
generalized. Only one tear fault, which crosses from thrust to thrust, 
is mapped; many others produce offsets too small to map. In addition 
a number of other thrusts fault out from a few feet to several hundred 
feet of beds. Unusual fault relations, such as intersecting faults that do 
not offset each other and tears that offset beds in opposite directions 
at different places, are present; these are shown diagrammatically and 
explained elsewhere (Beckwith, 1941b, p. 2185-2187). The branches 
apparently rejoin to the northwest, and the fault continues beneath 
alluvial cover. 

In the NE % sec. 7 a gulch, not shown on the map, has been cut 
through the alluvium and Tertiary. Pre-Cambrian rocks are in contact 
with Mowry shale of the Benton group turned as much as 50° beyond 
vertical. The fault is not well exposed, and a pit 4 feet deep was dug 
into it. A northwesterly strike and a dip of 50° NE. were obtained; 
the dip is undoubtedly a few degrees in error but shows conclusively 
that Bull Mountain fault is a high-angle thrust dipping northeast. 

The Benton outcrop southwest of the main fault is cut by several 
faults that omit parts of the succession. The Niobrara is excellently 
exposed in road cuts; it strikes parallel to the mountain front and is 
slightly overturned. Gray shales are exposed for several hundred feet 
southwest of the Niobrara. As their age is critical in the interpretation 
of structure, they were carefully examined. Fossils that would give a 
positive age determination were not found. The conclusion was reached 
that the shales are part of the Steele for the following reasons: (1) The 
gray shales are southwest of the outcrop of the Niobrara, which has a 
normal width and evidently is not repeated by a fold. (2) The Wall 
Creek sandstone of the Benton group, which should appear southwest 
of the Niobrara outcrop if there were a fold in the Niobrara, is absent. 
(3) The shales weather to a brownish soil characteristic of the Steele; 
the Carlile shale of the Benton group elsewhere weathers to a gray soil. 
(4) White calcareous concretions several feet across, characteristic of 
the Carlile shale, are absent. (5) Within the shales are gray shaly 
sandstones less than an inch thick, and also flat limonite concretions 
up to 3 inches across. Both of these are common in the Steele but not 


in the Benton. 
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In the NW \% sec. 7 the map and section C-C’-C” (Pl. 1) show, 
westward from the outcrop of the Steele: fault, Benton, fault, Dakota, 
fault, Jelm, fault, Chugwater, and an unfaulted succession down to the 
Fountain. The map is necessarily generalized because of the scale. A 
traverse westward from the Steele along the meander scarp west of the 
center of sec. 7 actually shows: fault, middle Benton shales, fault omitting 
the Mowry shale, upper and middle Dakota, fault, a few feet of Morrison, 
complete succession of Jelm, and a fault reducing the width of the Chug- 
water outcrop to about 200 feet. A gulch drains southwest across the 
middle of the faulted zone from the 65-degree reverse dip symbol on the 
Niobrara. A traverse westward from the Steele along the north side of 
the gulch actually shows: fault, Benton with the Mowry absent, fauit, 
upper and middle Dakota, fault, a few feet of Morrison, fault, Jelm with- 
out the upper yellow sandstone, Chugwater with width of outcrop 
reduced to less than 200 feet, and a complete succession down to 
the Fountain. Beds strike northwest to north and, in most places, 
are vertical or dip steeply to the east. The Jelm dips 70° W., and 
cross-bedding shows that the beds are overturned. 

The details of succession of outcrops given above are likely to 
be confusing. Examination, with the aid of the map legend, of the 
order of outcrops westward from the pre-Cambrian in Bull Mountain 
to the Fountain in Forester Creek anticline shows: (1) The first 
three outcrops—Benton, Niobrara, and Steele—are in order from older 
to younger. This part of the succession consequently belongs to the 
west flank of the anticline whose pre-Cambrian core forms the western 
part of Bull Mountain. (2) Westward from the fault bounding the 
Steele, outcrops are in order from younger to older. This part of the 
succession consequently belongs to the east flank of Forester Creek anti- 
cline. (3) Between the two anticlines there is no syncline; in its place 
is the fault bounding the Steele. 

Relations are believed to be essentially as shown near the center of 
section C-C’-C”. The eastern branch of Bull Mountain fault produces 
the common relation of thrusting older rocks onto younger. The west- 
ern branches produce the unusual relation of thrusting younger rocks 
onto older. The syncline that is absent at the surface is beneath the 
pre-Cambrian; inasmuch as Steele shale appears at the surface, beds 
at least as young as Steele must be present in the core of the syncline. 
The western main branch, shown underground as a single fault, dips in 
the same direction as the axial plane of the syncline, but dip of the 
fault is less than that of the axial plane. The fault fulfills the essential 
conditions of the type which Billings (1933, p. 147) called an inclined 
subsequent shear thrust. 
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The westward dip of the overturned Jelm beds in the east flank of 
Forester Creek anticline is likely to lead to the conclusion that the fold 
is overturned and that its axial plane dips west away from Bull Mountain 
fault. There is no other evidence to support such a conclusion, and 
the writer believes that the overturning of the Jelm beds was produced 
as follows: After the beds of the east flank of Forester Creek anticline 
had been turned nearly to vertical the subsequent shear thrust was 
initiated at the main fault to the east. The fracture was propagated 
westward into the anticline and was deflected upward by stratification 
standing vertically or dipping steeply to the east. Later westward move- 
ment of the rocks resting on the curved fault was necessarily rotatory; 
the block above the thrust was rotated clockwise as seen looking hori- 
zontally north at section C-C’-C”, and the Jelm was overturned. 

An accurate estimate of the net slip of Bull Mountain fault at the 
line of section C-C’-C” cannot be made, for the sediments have been 
eroded from the block above the thrust, and surface data are inadequate 
for accurate drawing of the syncline beneath the thrust. The distance 
scaled on the section from the eastern fault at the surface to the base 
of the Fountain at the fault is 6500 feet. The distance scaled along 
the western fault between two points at the base of the Steele is 2300 
feet. A conservative figure for total net slip is 8000 feet. 

North from Forester Creek anticline Bull Mountain fault is concealed 
beneath the Tertiary for 2 miles. In the NE 4 sec. 36 a ridge of pre- 
Cambrian rocks 800 feet long and 200 feet wide projects through the 
Tertiary and valley fill. The rocks are almost entirely hornblende 
schists, greenstones, and metadiabases. Some of the basic rocks are 
coarse enough to be called gabbros. Several bands of schist up to 30 
feet wide have been soaked and injected by granites. All the rocks 
in the ridge are brecciated, and reliable strikes and dips of schistosity 
could not be obtained. Sediments from Casper to Chugwater are in con- 
tact with the east side of the ridge. At first sight it would seem that 
the fault is a high-angle normal or reverse fault along which the east 
wall moved down. Features large enough to show on the map, however, 
do not confirm this hypothesis. Near the northeast corner of sec. 36 
beds from Satanka to Chugwater strike N. 70° E. and dip 15° N. To 
the west these and the Casper are offset by a small fault, which is ap- 
parently a tension fracture formed during bending of brittle beds over 
the arch at the northwest end of Bull Mountain. Farther west the bands 
of outcrop on a nearly horizontal surface swing to the south, and dip 
increases to vertical. If the fault were normal or reverse with the 
east block downthrown, fault drag should cause the outcrops to swing 
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yf north and cause the dip to decrease to horizontal and then change to 
id eastward dip in the immediate vicinity of the fault. 

n Where the Chugwater is shown in contact with the pre-Cambrian 
d a guich about 5 feet deep has removed the top soil. Here, in order 
d from west to east, appear: (1) Pre-Cambrian rocks. (2) A zone about 
e 4 feet wide of loose brecciated material consisting mainly of gray Mor- 
is rison shale. The breccia also contains soft yellow sandstone chips 
d possibly derived from the Casper, upper Jelm, or a sandstone in the 
n Morrison. A streak of coal-black shale several inches wide found in 


\- the breccia cannot be older than lower Benton, for shales of this color 
do not occur lower in the succession. (3) Chugwater red shale extends 
- to the outcrop of the Forelle. 

Farther southeast, where the map shows pre-Cambrian against Casper, 
a trench 4 feet deep was started on the pre-Cambrian and extended 15 
feet northeast. The trench showed, in contact with the pre-Cambrian, 
a zone 10 feet wide of plastic black clay. The clay is definitely not 
a gouge of pre-Cambrian material because it is coal black and contains 
no breccia fragments. Its contact with brecciated pre-Cambrian green- 
stones is sharp. The clay is at least as young as Benton, for black 
shales do not occur lower in the succession. In the northeast end of 
the trench Chugwater red shale was encountered. Beyond here the 
| surface soil is red for about 30 feet to the outcrop of the Casper. The 
contact of the pre-Cambrian and black shale was cleaned off over a 
2 width of 1 foot and a height of 2 feet. A strike of N. 70° W. and dip 
, of 45° NE. were obtained. These are undoubtedly a few degrees in 
" error because of the small surface exposed; they show, however, that the 
) 
j 


fault is a high-angle thrust dipping northeast. 
The common relation for normal, reverse, and most thrust faults is 
that breccia fragments and slice blocks within the fault zone at a given 
, place are intermediate in age between the rocks that form the fault 
} walls at that place. However, the breccia fragments and slice blocks 
in the fault zone in sec. 36 are younger than the fault walls. The trench 
shows an Upper Cretaceous slice block between fault walls consisting 
respectively of pre-Cambrian and Pennsylvanian rocks; the beds from 
which the black shale block was sliced occur at least 1600 feet strati- 
graphically above the Pennsylvanian. Two thrusts with younger slice 
blocks have been previously described (Beckwith, 1938, p. 1532, 1541); 
in both cases the younger slice blocks have clearly been produced by a 
subsequent shear thrust along which an anticline moved across the 
adjacent syncline and onto the succeeding anticline. This interpretation 
, is shown near the center of section B-B’; it is thoroughly consistent with 
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relations deduced 2 miles south and shown near the center of section 
C-C’-C”. 

Data .i:. 1 which the central part of section B-B’ was drawn are 
meager. The slice block of Benton at the surface shows that beds of this 
age are present in the core of the syncline. To obtain a conservative 
figure for net slip of the fault, it was assumed that the beds are nearly 
vertical in the flanks of the syncline. Net slip of the thrust obtained 
by scaling along the fault from the base of the Casper below the fault 
to the same horizon above the fault is 6800 feet. 

The Dakota in sec. 25, T. 12 N., R. 77 W., changes strike and dip 
as do older beds to the south, indicating that there is a fault to the 
west. Bull Mountain fault probably continues beneath the Tertiary for 
3 miles and is the one to which the name Ring Mountain fault is applied 


farther north. 


Fault northwest of Bull Mountain—In the NE \ sec. 36, T. 12 N., 
R. 77 W., the distance from the Casper at Bull Mountain fault to the 
pre-Cambrian core of Bull Mountain is insufficient for the full thick- 
ness of the Fountain. North of the center of sec. 31 space between 
the Casper and pre-Cambrian is also insufficient. These observations 
indicate that a fault striking close to east is concealed beneath the 
alluvium in the lower part of Red Gulch. The fault is probably a 
tear genetically related to Bull Mountain thrust and consequently an 
oblique-slip fault with a large component of movement parallel to fault 
strike. Strike of fault is also close to that of the beds. The south 
block is upthrown, and stratigraphic separation, or the thickness of beds 
faulted out, is around 200 to 500 feet. Net slip is, however, probably 
much greater, for strike slip on a strike fault produces no stratigraphic 
separation (Beckwith, 1941b, p. 2183). 

The fault at the north end of Bull Mountain dies out eastward, for 
the Casper to the east is not offset. The sharp flexure near the center 
of sec. 29 in beds from Fountain to Chugwater indicates, however, south- 
westward movement of rocks south of the flexure. Genetic relations of 
fault and flexure are considered later in connection with deformation 
of the western part of Bull Mountain. 


Stink Creek fault—On the east side of the pre-Cambrian core of 
Bull Mountain in the NE 1% sec. 8 the Satanka and Casper are in fault 
contact with granite; the east side of the fault is downthrown, and the 
beds are sharply dragged up toward the fault. To the south there is no 
apparent stratigraphic evidence of faulting, as different horizons in the 
Fountain cannot be distinguished. The straight mountain front and up- 
ward drag of the beds immediately to the east indicate, however, that the 
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fault continues south and probably terminates against Bull Mountain 
fault. On the divide at the head of Horsepatch Gulch, Fountain is in 
contact with Chugwater. At the head of Stink Creek, so named by local 
ranchers because of sulfur springs, the succession from Casper to Forelle 
strikes at about 45° to the Chugwater and younger beds. At the north- 
west corner of sec. 27 the Forelle is nearly horizontal. It swings down 
sharply to the east and is cut off by a fault, as the width of outcrop of 
the vertical Chugwater is about 100 feet less than the thickness of 
the formation. North of the State line the Chugwater and Forelle are 
bent down to the east in a monocline. In secs. 15 and 10 the outcrop of 
the Chugwater is wide enough to represent the whole formation. The 
fault apparently dies out in the monocline somewhere north of the State 
line. 

Dip of Stink Creek fault could not be obtained, but beds dragged to 
vertical indicate that it is high. The surface trace of the fault is slightly 
convex eastward where it crosses the high divide between Horsepatch 
Gulch and Stink Creek and convex westward in the broad valley about 
half a mile south of the State line, possibly indicating that the fault 
dips west. Curvature of the surface trace of the fault is, however, more 
likely caused by minor changes in strike. In section A-A’ to C-C’-C” 
the fault is shown with a high westward dip, so that the fault plane is 
radial to the arch of the beds over the core of Bull Mountain. 

The greatest stratigraphic separation produced by the fault, about 800 
feet, is near the middle of Horsepatch Gulch where the Fountain and 
Casper are omitted. Southward from here the Fountain has been eroded 
from the upthrown block, and consequently stratigraphic separation 
cannot be determined. Northward stratigraphic separation decreases to 
about 200 feet at the head of Stink Creek. The vertical shift (Reid 
et al., 1913, p. 173), or total vertical movement by combined faulting 
and bending of rocks, is much larger, possibly as much as 1000 feet as 
shown in section B-B’. 


Deformation around western part of Bull Mountain—-The southern 
and eastern parts of the pre-Cambrian core of Bull Mountain consist 
almost entirely of coarse massive granite and gneissoid granite. The 
western border north from sec. 7 and the north end in the western part 
of sec. 31 consist of granite gneisses, injected schists, metadiabases, 
granite pegmatites, and quartz veins. Tabular elements are almost 
vertical, and northwesterly trends are clear in the aerial photographs. 
The pre-Cambrian rocks exposed in the core of Forester Creek anticline 
around the southwest corner of sec. 6 are mainly hornblende schists. 
They are of a type that is likely to deform by folding with slipping along 
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cleavage; strike of cleavage is northeast, and dip is about 45° NW. 
The pre-Cambrian rocks projecting through the Tertiary northwest of 
Bull Mountain in sec. 36 are mainly hornblende schists and greenstones. 
A discussion of the effect of lithology and structure of the pre-Cambrian 
rocks on Laramide structure is hampered by lack of data on the crys- 
tallines where most needed. The relations described, however, indicate 
that the granites of the southern and eastern part of the core of Bull 
Mountain are part of a cupola, and that the gneiss zone of the north- 
western border and north end represents a transition to schists farther 
west and northwest in the zone of sharp Laramide folds. 

The western part of Bull Mountain is a northeast-trending anticline. 
The straight surface trace of the base of the Fountain, the trapezoidal 
outcrop of the Fountain, and triangular outcrop of the Forelle show that 
the anticline is flat on top. The flat-topped part is bounded on the 
southwest by a northeast-dipping thrust fault with a displacement of 
nearly 2 miles and on the northwest and southeast by high-angle faults. 
The block enclosed by the faults has moved up along all three. The 
thrust fault and the sharp flexure outlined by beds from Fountain to 
Chugwater near the center of sec. 29 indicate that the block has moved 
southwest with respect to rocks on three sides. 

The following hypothesis is advanced to account for described rela- 
tions. Laramide pressure was close to east-west, as indicated by the 
general northerly trends of the Front Range, Laramie Range, and the 
part of the Medicine Bow Range to the north (Fig. 1), and by the north- 
erly trends of folds in the upper Laramie River Valley except in and 
around the core of Bull Mountain. In the initial stages of deformation 
rocks now forming the western part of Bull Mountain were gently arched 
into a northeast-trending flat-topped anticline coinciding approximately 
with a granite cupola in the pre-Cambrian basement. Stink Creek fault 
and the one northwest of Bull Mountain were formed as tension frac- 
tures generally radial to the arch as shown in section B-B’. Under more 
intense pressure, folding started in the schist belt to the west, and a 
southwest-facing step fold developed in the margin between the cupola 
and schist belt. A thrust fault striking parallel to the face of the step 
and dipping to the northeast and east was initiated in the massive 
pre-Cambrian rocks. Dip of the thrust in the massive rocks was less 
than 45°, in accordance with Hartmann’s law (Griggs, 1935, p. 124-126). 
The thrust was propagated westward into steeply dipping or vertical 
beds and was deflected upward by stratification. 

In depth the thrust cut the older tension fractures. The block between 
Bull Mountain thrust and Stink Creek fault (sec. C-C’-C”) is a 
wedge bounded below by a fracture that is concave upward. Westward 
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movement of both blocks above the thrust would necessarily cause the 
wedge to move up along both faults. 

The fault at the north end of Bull Mountain was also cut by the 
thrust, and the part that now reaches the surface terminates downward 
on the thrust as shown in section B-B’. Movement on the small fault 
paralleled that on the thrust. Net slip of the thrust south of the small 
fault is slightly greater than to the north, producing upthrow of the 
block south of the small fault. 


Bull Mountain syncline—The central part of Bull Mountain is a 
broad gentle syncline. The Dakota conglomerates and sandstones form 
high rims on both sides. The western rim adjacent to Horsepatch Gulch 
and Stink Creek is 400 to 800 feet high; the eastern is about 300 feet 
above the valleys of Trollope Creek and Shell Creek. At the south end 
of the mountain a more gradual slope descends toward the floor of the 
Laramie River Valley. The cap of the broad southern part is mainly 
Mowry shale. Beds higher in the Benton may be present beneath the 
thick pine forest and extensive alluvial cover of Dakota sandstone 
blocks. From the broad southern part of the mountain a pronounced 
syncline trends north for about 5 miles and dies out in sec. 15. The 
fold is nearly horizontal. In most places lower Benton and Dakota beds 
form the core; Stink Creek has cut through them and as far down as 
the upper part of the Jelm. 


Frenchwoman Creek fault and associated folds—In the southern edge 
of the central part of Bull Mountain the Dakota and Morrison are in- 
volved in two minor folds trending northwest across the valley of French- 
woman Creek. They are apparently minor plications genetically related 
to the larger anticline to the south. 

The north flank of this anticline is cut by a fault striking east-south- 
east across secs. 15, 22, and 23. Exact location of the fault as shown 
on the map may be, in places, several hundred feet in error because of 
the extensive debris derived from the Dakota outcrop. North of the 
fault the position of the base of the Dakota is clearly at the base of 
the scarp formed by the lower Dakota conglomerate. South of the scarp 
Morrison variegated shales are exposed in several gulches, and farther 
south Mowry shale is exposed near Trollope Creek, and Frontier shale 
near Frenchwoman Creek. Beds on both sides of the fault dip north. 
The fault dies out near the west boundary of sec. 15, as the base of 
the Dakota farther west is not offset. It passes beneath alluvium 
to the southeast and is apparently joined by a small north-striking fault 
that offsets the lower beds of the Dakota north of the center of sec. 23. 
The north side of Frenchwoman Creek fault is upthrown, suggesting 
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a northeast-dipping thrust. The fault, however, is in the northeast flank 
of an anticline, and vertical to overturned beds were not observed in 
the vicinity. Evidently Frenchwoman Creek fault was formed in an 
early stage of deformation by tension in the outer part of a sharp flexure, 
as shown near the center of section D-D’ in which the fault is radial to 
the major arch. It is believed that compression in a later stage of de- 
formation caused the hanging wall to move up and also produced the 
anticline southwest of the fault and the plications to the northeast. 


Shell Creek fault—The east flank of the northern part of Bull Moun- 
tain syncline is cut by a fault striking generally parallel to strike of 
beds. In sec. 35 the fault is locally in the west flank of a gentle anti- 
cline. The west block is everywhere upthrown. The largest stratigraphic 
separation, about 200 feet, is shown several hundred feet north of sec. 
35, where the base of the Morrison in the west block is in contact with 
upper Morrison. The fault outcrop swings markedly to the west in 
crossing valleys, indicating a low westward dip. Where the Jelm and the 
Morrison are in fault contact in the NW 1 sec. 35, a trench was dug 
down to the fault, and an area 1 foot wide and 2 feet long in the di- 
rection of dip was exposed; the fault here dips 25° W., only a few degrees 
more than the beds. In the NE 4 sec. 22 a steep-walled gulch exposes 
the fault for 20 feet normal to strike. Fault dip is 20° W.; the beds 
dip 10°-15° W. The fault is nearly parallel to stratification, as shown 
near the east ends of sections A-A’ to C-C’-C”, and closely approaches 
the conditions necessary for the application of the term bedding fault 
(Reid et al., 1913, p. 170), a type that produces no offset, repetition, or 
omission of beds. Net slip of the fault is consequently much larger than 
stratigraphic separation. 

Shell Creek fault is genetically related to competence of beds. The 
Jelm and Dakota consist mainly of sandstones and conglomerates in 
which bedding-plane slippage is hindered by cross-bedding. The under- 
lying Chugwater and overlying Benton are thin-bedded shales; gypsum 
beds in the lower Chugwater and bentonite seams in the lower Benton 
indicate that bedding-plane slippage is particularly easy in these parts 
of the succession. Folding of an upright horizontal syncline involves 
bedding-plane slippage varying from zero at the axial plane, where beds 
are horizontal, to a maximum in the steepest parts of the flanks. A com- 
petent bed in the succession glides outward from the axial plane over 
incompetent beds. In Bull Mountain syncline, westward gliding of 
the stiffer plate of Jelm and Dakota beds in the west flank was offset 
by eastward gliding away from Stink Creek fault and the associated 
monocline. Gliding of the plate outward from the axial plane of the 
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syncline was thus localized in the east flank. The resulting force couple 
acting nearly parallel to bedding at this place fractured the competent 
beds, and a fault was propagated both to the east and west into the 
shales. The map and sections show that Shell Creek fault has the great- 
est displacement where Bull Mountain syncline is sharpest and dies out 
where curvature of beds in the syncline becomes less acute. 


Anticline and fault in upper Shell Creek Valley—tThe valley between 
the central and eastern parts of Bull Mountain is carved in the crest of 
a gentle anticline; flank dips are, in most places, 20° or less. The Dakota 
forms flanking rims, and the Chugwater is exposed in the center. In 
the NW 4 sec. 1 Chugwater beds of the east flank steepen to 60° 
and are in contact with the lower part of the Dakota. The fault ap- 
parently dies out northward in the Morrison; southward it forms the 
boundary between Chugwater and Morrison for about half a mile. 
Relations farther south are somewhat uncertain, as the valley sides 
are heavily forested and extensively covered by debris from the steep 
slopes on the Dakota. The map of the eastern part of sec. 12 was drawn 
mainly from topography as seen under the stereoscope. The fault ap- 
parently dies out somewhere in this vicinity. 

The position of the fault in the east flank of an anticline and the 
marked steepening of the Chugwater east of the crest indicate that the 
fault is a westward-dipping thrust of small displacement. It is believed 
that the fault was initiated in an early stage of deformation as a tension 
fracture radial to the arch in the brittle Jelm and Dakota beds; under 
later compression the hanging wall moved up, and the fault was propa- 
gated downward and deflected toward stratification in the underlying 
shales, as shown near the east ends of sections C-C’-C” and D-D’. 


UPPER JIMMY CREEK AREA 


General statement —From the northwest shoulder of Green Ridge beds 
dip steeply to the west toward the Laramie River syncline and at lower 
angles to the northwest toward the south end of Bull Mountain. The 
Dakota striking north from Green Ridge to Bull Mountain forms a 
hogback 500 to 700 feet high. Jimmy Creek has cut a steep notch in 
the hogback and a broader valley in the less resistant sediments to 
the east. 


Faults in section 1—The Dakota and Morrison of the southern part 
of the hogback in sec. 1 are cut by two faults striking northwest. The 
lower conglomerate of the Dakota is offset, but the faults die out in the 
Morrison shales and middle Dakota shales. The block south of each 
of the faults is upthrown. South of the faults the westward dip of the 
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Dakota increases rapidly toward Green Ridge fault, an eastward-dipping 
thrust; the Dakota, consequently, has been subjected to torsional warp- 
ing on a horizontal line extending north. Motion of the south end of 
the Dakota was counterclockwise as seen looking horizontally north. 
The evidence indicates that the faults were formed by torsion and cor- 
respond to one of the sets of fractures produced in Daubree’s experi- 
ments (Leith, 1923, p. 40) of twisting a narrow strip of glass on an axis 
parallel to its length. 


West Jimmy Creek fault—The area east of the Dakota hogback is 
affected by two faults. The western fault appears in the SW \4 see. 
31, where it repeats the Forelle. Displacement increases to the north, 
and in the SE 4 sec. 25 Forelle on the west is in contact with Mor- 
rison. Stratigraphic separation here is about 850 feet and presumably 
remains about the same or increases slightly to the termination of the 
west fault against East Jimmy Creek fault in the SE 144 sec. 24. The 
trace of the western fault is plainly visible in the steep spur in the 
SE 14 see. 25. A dip of 65° W. was obtained by sighting along strike 
from about half a mile south of the spur. The block east of the fault 
is downthrown, and beds in it show normal drag upward toward the 
fault. Beds in the upthrown block, however, show changes in dip that 
cannot be explained by fault drag. The Dakota north of the center of 
sec. 36 dips 80° W. As the fault is approached from the west, direc- 
tion of dip remains westward, but dip increases to 65° in the Forelle 
and Satanka; here the beds at the surface are parallel with the fault 
plane, as shown east of the center of section F-F’. If changes in dip 
of beds in the upthrown block were produced by fault drag, westward 
dips should here decrease toward the fault, and in the immediate vicinity 
of the fault beds should dip east. The writer believes that relations 
were produced as follows. 

During an early stage of deformation a monocline was formed east 
of the Laramie River syncline as shown in sections E-E’ and F-F’. 
The Jelm and Dakota conglomerates and sandstones near the line of 
maximum curvature broke under tension, forming a fracture radial to 
the arch and dipping steeply to the west. Later, compression forced 
the hanging wal! of the fracture to move up, and the fracture was 
propagated downward and deflected toward stratification in shales. Pos- 
sibly the unconformity at the base of the Fountain acted as a glide plane. 
Confirmation of the hypothesis that the fault was originally a tension 
fracture developed on a flexure is given by the fact that the fault dies 
out rapidly to the south toward secs. 1 and 6, where beds from Fountain 
to Dakota have a uniform westward dip of about 30°. 
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East Jimmy Creek fault—A fault farther up Jimmy Creek strikes 
northwest from sec. 29 to sec. 24. Its dip could not be obtained, but, 
judging from the straight fault trace across a valley about 500 feet deep, 
the dip is high. In sec. 29 and as far as the end of the Forelle in the 
southwest block near the center of sec. 30, the southwest block is up- 
thrown as shown in section F-F’. Here drag of beds is consistent with 
stratigraphic evidence of relative movement of blocks; the 50-degree 
dips near the fault show that beds in the downthrown block are dragged 
up toward the fault and beds in the upthrown block are dragged down. 
Stratigraphic separation where Casper on the northeast is in contact 
with middle Fountain is about 350 feet; it decreases to the northwest to 
about 200 feet where the top of the Forelle is in contact with the base 
of the Casper. 

In the NW 4% NW % sec. 30 direction of movement of blocks 
is in the opposite direction; older rocks in the northeast block are in 
contact with the fault, and this block is upthrown. Drag of beds is 
also consistent with this observation, as shown by the change in strike 
of the base of the Jelm in the northeast block and the 60-degree dip 
in the lower Jelm; beds in the northeast block are clearly dragged down 
toward the fault, as shown in section E-E’. Stratigraphic separation 
here is about 350 feet. Direction of relative movement of blocks is 
the same in the vicinity of the southeast corner of sec. 24, where lower 
Dakota conglomerate on the northeast is in contact with middle or upper 
Dakota beds. 

Apparent upthrow of the northeast block at one end of the fault and 
downthrow of this block at the other end show that at a point north of 
the center of sec. 30 throw is zero. This suggests that here the fault is 
atrace-slip fault (Beckwith, 1941b), one on which direction of movement 
on the fault is parallel with the trace of stratification on the fault. If 
this were true, a line representing direction of movement on the fault 
would plunge northwest at only 20°—the dip of the beds—and the major 
component of net slip would be strike slip. There is, however, no 
independent evidence from associated faults of such a large strike-slip 
component, and fault drag shows clearly that offset of beds was pro- 
duced mainly by dip slip. The evidence indicates that movement on 
East Jimmy Creek fault was rotatory about a point north of the center 
of sec. 30; the southwest block was rotated counterclockwise as seen 
looking horizontally northeast. 

The two Jimmy Creek faults can be traced to within several hundred 
feet of each other in the SE 14 sec. 24. Northwest from here to Trollope 
Creek the rocks are covered by landslide debris from the Morrison. It 
is highly probable, however, that East Jimmy Creek fault continues 
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beneath the cover and emerges as Frenchwoman Creek fault. If the. 
area beneath cover is a dome, the outcrop of the Dakota crossing the 
west boundary of sec. 24 seems to require that the south end of the 
dome be cut by a fault with downthrow on the south as on Frenchwoman 
Creek fault. 

The Dakota outcrop in the E 14 sec. 24 north of West Jimmy Creek 
fault shows no evidence of faulting, and it is concluded that West Jimmy 
Creek fault terminates against East Jimmy Creek fault. Exposures 
north and south of the fault junction provide reliable evidence that, 
west of the junction, Chugwater south of East Jimmy Creek fault is 
in contact with Morrison or Dakota; the southwest block, consequently, 
is again upthrown as in sec. 29. The map symbols showing relative up 
and down movement at various places on Frenchwoman Creek fault 
and East Jimmy Creek fault suggest that there are two other pivot 
points, in addition to the one north of the center of sec. 30. These rela- 
tions are caused partly by the junction of two faults having unequal 
stratigraphic separations. The block between the two faults in the 
SE 1 sec. 24 is downthrown along both. Downthrow of the east fault 
is less than 350 feet, the thickness of the Dakota. Downthrow of the 
west fault is more than 800 feet, the sum of thicknesses of the Morri- 
son, Jelm, and half of the Chugwater. West of the fault junction down- 
throw of the northeast block, therefore, must be at least 450 feet. 

If relations beneath the cover in sec. 24 are essentially as indicated on 
the map, there must be a second pivot point near the west boundary of 
the section. Rotation on this point was in the same direction as on the 
pivot north of the center of sec. 30; the southwest block was rotated 
counterclockwise as seen looking horizontally northeast. The same 
counterclockwise rotation is shown by the block west of West Jimmy 
Creek fault in sections E-E’ and F-F’. 

Evidence has been presented to show that Frenchwoman Creek fault 
and East Jimmy Creek fault constitute a single fault. The writer be- 
lieves that the fracture was formed in an early stage of deformation by 
tension in the upper part of a flexure. The southeastern part of the 
northeast block moved down by gravity. The hanging wall of the 
northwestern part of the fracture moved up under compression in a 
later stage of deformation. 


SOUTHWESTERN AND SOUTHERN AREA 


Laramie River syncline—Southwest of Bull Mountain and west of 
Green Ridge is a syncline. The mapped location of the surface trace of 
its axial plane in T. 11 N. is probably in error because of inadequate 
exposures. The available data indicate that the fold trends southeast 
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and plunges at a low angle in this direction. The exposures of Shannon 
sandstone in sec. 34 show that the syncline is an open fold. To the 
south trend changes to south-southeast, plunge in this direction remains 
low, and the fold becomes sharper. In sec. 11, T. 10 N., R. 76 W., 
Mesaverde sandstones close to the axis have dips up to 70°. Dips in 
the Steele shale and Shannon sandstone to the east vary markedly in 
short distances, indicating that the beds are drag folded as shown in 
section G-G’. In the next 3 miles to the south the trend changes to 
south, and plunge decreases to zero. The east flank is locally overturned. 
Cross-bedding in the Mesaverde in the SE 4 see. 14 shows that the 
beds are inverted and are part of the east flank of the syncline. Dips 
in the Mesaverde in the NW 4 sec. 36 show that the syncline here 
plunges about 50° N. Older beds of the east flank appear south along 
the valley of Nunn Creek. The northwesterly dip of the Casper in the 
SW 14 sec. 6, T. 9 N., R. 75 W., indicates that the base of the Fountain 
extends under cover north of the pre-Cambrian in the core of Middle 
Mountain. 


Green Ridge fault—In the NW 1 sec. 7, T. 10 N., R. 75 W., Chug- 
water red sandy shales are exposed in a road cut about 500 feet from 
pre-Cambrian rocks. Although there is no cross-lamination to show 
relative ages of beds, it is certain that the red shales are overturned 
beneath an eastward-dipping thrust. Fault displacement is only a few 
hundred feet, and the fault apparently dies out a short distance to the 
northeast. Southwest from the Chugwater exposure displacement in- 
creases, and younger beds in the hogback are faulted off. At the north 
boundary of sec. 12 the distance from Dakota to Niobrara is too small 
to accommodate the full thickness of the Benton. A branch thrust ap- 
parently faults out a few hundred feet of beds and dies out to the 
north in sec. 1, where the Benton succession is complete. The outcrops 
of the Shannon and Niobrara are only 1700 feet apart in the SE. 4 
sec. 2, and satisfactory dip observations in the intervening beds could 
not be obtained. Relations can be explained by steepening of beds to 
vertical in the narrow interval or by a thrust of small displacement. 

West of the center of sec. 13 the pre-Cambrian is in contact with upper 
Chugwater red shaly sandstones dipping 40° E.; cross-lamination shows 
that the beds are overturned. The interval of only 1500 feet from the 
Chugwater exposure to the probable location of the Shannon sandstone 
beneath cover indicates that there is a thrust of large displacement west 
of the Chugwater. Half a mile south pre-Cambrian is in contact with 
Chugwater and Dakota dipping 35° E.; cross-bedding in the Dakota 
conglomerate shows that the beds are overturned. Three thrust branches 
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are evident here, one between pre-Cambrian and Chugwater, another be- 
tween Chugwater and Dakota, and the third between Dakota and Shan- 
non. A pit was dug on the eastern branch, and an area of the fault 
surface 2 by 3 feet was exposed. A strike of N. 10° W. and dip of 35° E. 
were obtained. The dip is undoubtedly a few degrees in error because 
of the small area of fault surface exposed but definitely shows that 
Green Ridge fault is an eastward-dipping thrust. 

From sec. 24 to sec. 36 the thrust is covered by talus. Exposures 
of Mesaverde sandstones to the west and the steepness of the slope be- 
tween the pre-Cambrian and the road indicate that the Mesaverde 
extends beneath the cover. Displacement of Green Ridge thrust ap- 
parently reaches a maximum somewhere in sec. 25. Net slip as scaled 
from the land surface to the base of the Fountain beneath the thrust in 
section H-H’ is 6500 feet, a value undoubtedly less than true net slip 
because the Fountain has been eroded from the block above the thrust. 

Southward the pre-Cambrian is in contact with successively older 
beds in the east flank of the Laramie River syncline. A thrust branch 
between Dakota and Niobrara east of the center of sec. 36 can be fol- 
lowed 1 mile to the south. Judging by the distance from Niobrara to 
Chugwater, displacement does not decrease southward. The branch 
probably continues up Nunn Creek and offsets the base of the Foun- 
tain beneath valley fill and Tertiary beds in sec. 12. The low divide 
between the heads of Nunn Creek and Porter Creek, which drains south 
into the Laramie River beyond the boundary of the map, indicates that 
the fault continues several miles south. 

Deadman Creek has cut a valley 500 feet deep in the fault in the 
SW ¥\ sec. 31. The fault can be located within 50 feet in an irrigation 
ditch south of the creek, and from here a shallow gulch extends south up 
the main valley wall to a saddle in the crest of a spur. Although the 
valley wall and spur are heavily covered by pine forest, it is fairly 
certain that the gulch and saddle are eroded on the fault trace. As ob- 
served from a point on the fault about half way up the north wall of 
the valley of Deadman Creek, the fault to the south dips 40° E. From 
here into T. 9 N. the pre-Cambrian is in contact with successively older 
beds, and the fault passes into pre-Cambrian rocks in sec. 7. Although 
the two branches of the thrust cannot be traced farther south, they proba- 
bly continue as faults of small displacement beyond the map boundary. 


North Middle Mountain fault and associated folds—At the northeast 
end of North Middle Mountain in sec. 4 pre-Cambrian massive granites 
and gneissoid granites are in fault contact with beds from Satanka to 
Chugwater; the block west of the fault is upthrown. About 100 feet of 
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trench was dug across the fault trace in several places in an unsuccessful 
attempt to obtain a dip. Even at depths of 8 feet the trenches encountered 
talus breccia of angular pre-Cambrian blocks in a weathered red clay and 
white sand matrix derived from Satanka shale and Casper sandstone. 

Chugwater and Jelm beds northeast of the fault stand close to vertical. 
The Morrison is slightly overturned. A branch fault appearing from 
beneath the Tertiary at the north boundary of sec. 4 cuts out at least 1700 
feet of beds between the Morrison and Steele. At the east boundary of 
the section the fault passes between the Dakota and Niobrara. Farther 
south a narrow band of Mowry shale appears west of the fault, but here 
900 feet of the Benton group is omitted. Beds on both sides of the north- 
eastern fault are overturned as much as 45°, and it is concluded that the 
faults are branches of a thrust dipping southwest as shown in the western 
parts of sections F-F’ and G-G’. 

The fault can be traced definitely for 3 miles to the northwest. The 
terrace scarp west of McIntyre Creek in sec. 32 exposes upper Benton 
beds within 300 feet of the pre-Cambrian. The Wall Creek sandstone is 
overturned and dips 70° SW. Younger beds appear to the northeast, and 
the Shannon sandstone outlines a tight syncline trending parallel to the 
thrust. The fold may be the southern part of one of the synclines that ap- 
pear 3 to 4 miles north and northwest; it is, however, probably a local 
fold formed by crumpling beneath the thrust. Exposures of Niobrara 
and Steele in sec. 31 show that the fault to the southwest has a displace- 
ment of several thousand feet. The Steele exposed in sec. 25 in an irri- 
gation ditch 15 feet deep is only 1000 feet from pre-Cambrian rocks, indi- 
eating that the fault has a displacement of at least half a mile. Al- 
though the shales have no lithologic features that give relative ages of 
beds, they are probably overturned. 

Farther northwest Grace Creek anticline is outlined by beds from Foun- 
tain to Chugwater. Steeper dips in the northeast flank show that the 
axial plane dips southwest; the fold plunges southeast. Beds from Foun- 
tain to Chugwater dipping 15°- 20° S. in the southwest flank are down- 
thrown against the pre-Cambrian. Although fault dip could not be ob- 
tained because of thick talus cover, the fault is probably the northwest 
continuation of North Middle Mountain thrust as shown near the west 
end of section C-C’-C”. The Chugwater in the northeast flank of Grace 
Creek anticline is faulted against younger beds to the northeast. North 
of Grace Creek a gulch 20 feet deep exposes the fault between Chugwater 
and Morrison. Four square fect of the fault surface was cleaned off, and 
a strike of N. 40° W. and dip of 55° SW. were obtained. Beds within a 
few feet of the fault have the same strike and show dips between 
vertical and 70° SW. The fault is undoubtedly a thrust of only a few 
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hundred feet net slip, as shown in section C-C’-C”, and is probably a 
branch of North Middle Mountain fault. 

In secs. 4 and 10, T. 10 N., R. 76 W., the branches of North Middle 
Mountain fault pass southward beneath the Tertiary and flood-plain 
deposits of the Laramie River. At the southeast end of North Middle 
Mountain in secs. 26 and 35 a mass of pre-Cambrian gneisses, granites, 
and pegmatites projects through the Tertiary and stands about 500 feet 
above the river. The east side of the mass is in fault contact with Steele 
shale. Trenches up to 8 feet deep failed to expose the fault surface. A 
pit of the same depth started about 100 feet east of the fault trace where 
there is no talus cover penetrated brownish-gray sandy clay obviously 
formed by weathering of the Steele shale but did not reach material 
fresh enough to show stratification. A pit about 1000 feet from the fault 
in sec. 26 exposed gray sandy shale striking N. 25° E. and dipping 65° 
E. toward the Laramie River syncline. 

At the south end of the pre-Cambrian knob the fault divides. One 
branch passes between pre-Cambrian and Chugwater, and the other be- 
tween Chugwater and Steele. Pits in this vicinity also failed to reach the 
faults. A pit 5 feet deep several hundred feet from the faults en- 
countered a Chugwater gypsum bed 2 inches thick striking N. 25° E. 
and dipping from vertical to 80° W. The best evidence of the direction 
of dip of the fault is provided by the swing of its surface trace. From the 
vicinity of the Chugwater outcrop the fault trace ascends to the north- 
east, indicating that the fault dips west. As viewed from the south the 
dip appears to be about 30° W. This figure is probably less than the 
dip because the northeasterly strikes of beds indicate that the fault also 
strikes a few degrees east of north. It is concluded that the fault in 
secs. 26 and 35 is a westward-dipping thrust, as shown in section H-H’, 
and is part of North Middle Mountain fault. Net slip here is at least 
5500 feet, the distance scaled along the fault from the land surface to the 


base of the Fountain. 


Fold and fault relations—The area in T. 10 N. between Green Ridge 
and North Middle Mountain is a structural trough bounded by outward- 
dipping thrust faults. Southward toward secs. 25 and 26 the syncline 
between the faults becomes sharper and deeper (secs. G-G’ and H-H’). 
Although exact data on displacements of faults cannot be obtained be- 
cause the sediments have been eroded from the upthrown blocks, net slips 
of faults seem to increase southward; it is at least certain that the pre- 
Cambrian rocks of both upthrown blocks rest on successively younger 
beds southward to secs. 25 and 26. Here the distance between the faults 
at the surface is 5000 feet. Minimum values for net slips of faults scaled 
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from section H-H’ are 5500 feet for the west fault and 6500 feet for 
the east fault. 

As shown by the cross section, one or both of the upthrown blocks 
must have been eroded during the interval of fault movement in order 
to permit them to attain their present positions. One fault may be 
older, in which case extensive erosion must have preceded movement on 
the other. Movement could have occurred at the same time on both 
faults if erosion of the upthrown blocks kept pace with fault movement. 
Stratigraphic data provide no information to indicate that the thrusts 
are of different ages. Both cut Upper Cretaceous beds. North Middle 
Mountain fault is covered by Tertiary beds of probable Oligocene and 
Miocene age. No sediments of undoubted Tertiary age cover Green 
Ridge fault, but the absence of folds in the Tertiary and the fact that 
Bull Mountain fault, an eastward-dipping thrust, is covered by the 
Tertiary beds strongly suggest that all thrusts are pre-Oligocene. 


OVERTHRUSTING AND UNDERTHRUSTING 


Thrust faults dipping both east and west in the upper Laramie River 
Valley and adjacent area to the north suggest that a distinction should be 
made between overthrust and underthrust faults. 

Reid et al. (1913, p. 179) define overthrusts as reverse faults with low 
dip or large hade and state that in some cases the dip slip amounts to 
tens of kilometers. They use the term overthrust with the implication of 
knowledge only of relative movement of fault blocks. 

The discussion of absolute direction of movement on low-angle faults 
is treated by Hobbs (1914) largely in terms of movements of continents 
and ocean basins during an interval including a large part of geologic 
time. He uses the terms overthrust, underthrust, overturned, and under- 
turned in connection with the conclusion that the border of the Pacific 
Ocean moved toward and under the Asiatic continent. 

The terms overthrust and underthrust have been used extensively in 
connection with pressure box experiments. Link (1928) applies the term 
overthrust to a fault that dips toward the push block and underthrust 
to one that dips in the opposite direction. These are valid if the box re- 
mains stationary and the push block moves. If, however, the push block 
were stationary and the rigid box and confined sheet of artificial sediments 
were moved against the push block, the use of overthrust and underthrust 
should be reversed. An overthrust fault in Link’s sense is essentially one 
that dips toward a more rigid mass represented by the push block. His 
findings that faults dipping in this direction are formed about twice as 
frequently as those dipping in the opposite direction are of considerable 
interest in explaining the mode of origin of mountain ranges bounded on 
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both sides by inward-dipping thrust faults and fault troughs bounded by 
outward-dipping thrusts. 

Lovering (1932, p. 651) designates as an underthrust a low-angle fault 
along which the foot wall moved forward actively under a hanging wall 
that remained nearly stationary. An overthrust fault implies an active 
hanging wall moving forward over a passive relatively stationary foot 
wall. He states: 


“Tf a thrust fault breaks from an overturned fold in a zone of tear faulting, the 
movement of the walls of the tear faults shows the direction of movement of the 
adjacent thrust block and thus indicates whether underthrusting or overthrusting 
has taken place. Similarly, a marked swing of formations toward or away from the 
axis of the overturned fold as a thrust fault is approached suggests underthrusting 
or overthrusting respectively.” 

Willis (1935, p. 413-415) differentiates overthrusts and underthrusts 
on the basis of location of the adjacent belt of sharp folding. If the rocks 
above the fault are folded it is an overthrust; if sharp folding occurs 
below, it is an underthrust. 

Attempts to distinguish overthrusts and underthrusts in the upper 
Laramie River Valley lead to anomalous results. In approaching Bull 
Mountain thrust fault from the southeast, the outcrop of the Niobrara 
and the axial planes of the Laramie River syncline and Forester Creek 
anticline swing toward Bull Mountain fault. On the basis of swing of 
formations and folding beneath the thrust, the fault is an underthrust. 
The fault block forming the western part of Bull Mountain is upthrown 
along faults at both ends. Inasmuch as it is bounded below by a north- 
eastward-dipping thrust, the central block must have moved farther 
southwest than the bordering blocks. Relations are essentially those 
illustrated by Lovering (1932, p. 652, Fig. 1) for an overthrust fault. 

Where pre-Tertiary beds are exposed near North Middle Mountain 
fault they strike generally parallel to the fault. The outcrop of the fault 
and the surface trace of the axial plane of the Laramie River syncline 
are both convex eastward. Swing of formations suggests an overthrust. 
The Laramie River syncline beneath the southern part of the thrust and 
the sharp syncline on McIntyre Creek in sec. 32 suggest an underthrust. 

The surface trace of the Laramie River syncline is convex toward 
Green Ridge fault, and beds in the east flank strike toward the fault, 
indicating that it is an underthrust. It is difficult to understand, how- 
ever, why observed relations could not be produced by westward move- 
ment of an active east block over a stationary west block. 

In view of the inconsistent results the writer has avoided the terms 
overthrust and underthrust in description and discussion of genesis. The 
term thrust fault implies only knowledge of relative movement of fault 
walls and a genetic relation with horizontal compression. Overthrust 
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and underthrust are necessary terms in dealing with present earth move- 
ments that can be measured with respect to a fairly stable datum, such 
as sea level or points outside the zone of movement, and in discussions 
such as that of Hobbs, which deals with fundamental causes of earth 
movements. When applied in the study of an area of a few thousand 
square miles of crust that is now stable, the terms imply a greater know]- 
edge of absolute direction of movement than is commonly justified. 


FAULT TROUGH RELATIONS 


The upper Laramie River Valley is a structural trough about 20 miles 
long and 1 to 5 miles wide. It is bounded along most of its length by 
faults. Those on the east side are clearly outward-dipping thrusts. Al- 
though the dip of the fault along the southwest side could not be meas- 
ured, evidence has been presented to show that it also dips outward. 
Where the trough is not bounded by faults, beds dip toward it at angles 
of 30° or more. The base of the sedimentary succession is as much as 
8000 feet below erosion surfaces beveling pre-Cambrian rocks at the 
trough margins. The cross sections show that the trough is deepest where 
the bordering faults have the greatest displacements. 

The Laramie River trough clearly was formed by compression. Al- 
though it is small in comparison with those which Taber (1927, p. 591- 
606) groups under the name profound fault troughs, it may help toward 
an understanding of the genesis of some of the large troughs whose border 
faults are covered. Lakes commonly occur close to the edges of large 
troughs, and the deepest parts of submarine troughs are commonly in the 
same position. These facts have been advanced as evidence that the 
trough was not formed by compression. Sections A-A’ to D-D’ show 
that the deepest parts of the trough are adjacent to thrust faults of large 
displacement. Marginal deepening could be produced either by down- 
warping of the border under the weight of an advancing thrust block or 
by unparching of the central part of the trough under compression. 


CONCLUSIONS 


The general northerly trends of the Front, Laramie, and Medicine Bow 
tanges (Fig. 1) and of the larger anticlinal mountains along the west 
margin of the Laramie Basin indicate that deformation was caused by 
east-west compression with predominant upward relief. A laterally uni- 
form sheet subjected to pressure in this direction develops northward- 
trending folds and northward-striking thrust faults. The structural 
pattern of the upper Laramie River Valley differs markedly from this 
ideal pattern because of heterogeneity of the crystalline rocks. The 
Laramie River trough varies in trend between north and northwest in 
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accordance with the strikes of the bordering thrust faults. Folds within 
the trough and to the northeast trend from northwest to northeast. 

The predominantly shaly Paleozoic and Mesozoic sedimentary suc- 
cession shows little facies variation and can be considered as laterally 
uniform. The beds as a whole were incompetent and deformed mainly 
in response to movements of the crystalline rocks. Thin conglomerate 
and sandstone beds, however, were strong enough to support at least part 
of the load on an arch and caused local minor folding. They also frac- 
tured by tension where sharply flexed and initiated faults along which 
movement occurred during a later stage of compression. The pre-Cam- 
brian igneous and metamorphic rocks vary markedly in character in 
short distances, and the writer believes that this is a major cause for the 
divergence of the observed structural pattern from one produced by com- 
pression of a laterally homogeneous sheet. In one area of complex struc- 
ture where the crystalline and sedimentary rocks are both exposed, 
observations indicate that schists in the pre-Cambrian have been folded 
and an adjacent granite mass has deformed by thrust and tear faulting. 
Stratigraphic data in adjacent areas show that erosion had locally cut 
away about 2 miles of sedimentary cover before the end of the interval 
of deformation. Depth of burial influences the manner in which a given 
rock type deforms, and consequently local stripping of the sedimentary 
cover has undoubtedly had some influence on the structural pattern. 

Application to the thrusts in the upper Laramie River Valley of criteria 
that attempt to distinguish absolute direction of movement on a thrust 
fault lead to inconsistent results. The criteria deal essentially with dif- 
ferential crustal shortening by folding and by movement on thrust and 
tear faults. Vertical and horizontal variation in sharpness of folds, 
variation in trend of folds and strike of beds, and variation in net slip 
of tears and thrusts are all necessary consequences of application of com- 
pression to a laterally and vertically nonuniform crust. The fact that 
such variations are observed in certain associations does not distinguish 
an active from a passive fault block; the observed results could be pro- 
duced by equal differential movements irrespective of absolute direction 
of movement of hanging wall or foot wall. 

Pressure box experiments do not provide evidence of absolute direction 
of movement of thrust walls. They show that thrusts most commonly 
dip toward the push block, which is a rigid mass separated below and at 
the ends from the floor and lateral walls of the box. The outward-dipping 
thrusts bounding the Laramie River fault trough suggest an analogy 
with a pressure box provided with push blocks at both ends. The push 
blocks are represented by Bull Mountain and Green Ridge at one end 
and the Medicine Bow Range and North Middle Mountain at the other. 
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These masses functioned as push blocks either because they were more 
rigid than the rocks between or because they were upwarped in an early 
stage of deformation before the thrust fractures were formed. 
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ABSTRACT 


The Pliny region, in the northern portion of the Mt. Washington quadrangle, New 
Hampshire, contains some of the finest examples of ring dikes described in North 
America. These arcuate bodies intrude older gneiss, quartzite, and quartz diorite, 
and are, in turn, cut by later granitic stocks. The dikes and stocks, which are 
grouped about two distinct centers, are composed of differentiates of the White 
Mountain magma series, which in this area range from quartz monzodiorite to 
granite. Two of the ring dikes are strikingly expressed in the topography as arcuate 
mountain ridges. 

All the ring dikes and some of the stocks are thought to have originated by 
cauldron subsidence or ring-fracture stoping. However, this mechanism operated 
differently for different dikes. In a composite ring dike in the southwestern part 
of the area, an arcuate zone of intense fracturing developed, resulting in the subsi- 
dence of a large cylindrical or domical block of country rock Numerous small 
dikes of hastingsite-quartz syenite penetrated the northern part of this zone to 
form a more or less solid dike of hastingsite-quartz syenite. Later, pink biotite 
granite intruded the southeastern part of the fractured zone, forming a network 
of irregular dikes. 

The Crescent Range ring dike of granite porphyry, however, is a symmetrical 
crescent with regular, broadly sweeping boundaries. This suggests that it was formed 
by intrusion en masse along a clean, sharp ring fracture. The dense groundmass 
of the rock implies rapid cooling. 


INTRODUCTION 
LOCATION OF AREA 


The “Pliny region” covers an area of approximately 100 square miles 
(Fig. 1), chiefly in the northern portion of the Mt. Washington quad- 
rangle in north-central New Hampshire, between Lats. 44°30’30” and 
44°23’40” and Long. 71°15’ and 71°30’. The Percy quadrangle (R. W. 
Chapman, 1935), to which numerous references are made in the present 
paper, lies directly north. It will be noted, by referring to the latitude 
lines on the geological map (Pl. 1), that the extreme southern portion 
of the Perey quadrangle is included in the area which is here known as 
the “Pliny region.” 
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GENERAL GEOLOGICAL RELATIONS 


The Pliny region contains some of the finest examples of ring structures 
described in North America. The “complex” consists of gneissic plutonics 
intruded by arcuate ring dikes and associated granitic stocks. The ring 
dikes and stocks are grouped about two distinct centers and are composed 
of differentiates of the White Mountain magma series. On the whole, 
these intrusives are more resistant than the surrounding gneisses so that 
they form high mountains. Two ring dikes are strikingly expressed as 
arcuate mountain ridges known as the Pliny Range and the Crescent 
Range. 

TOPOGRAPHIC FEATURES 

The region considered in this study contains two mountain ranges and 
a portion of a third. The dominant Pliny Range is distinctly arcuate, 
has a radius of curvature of 2 miles, and a length of approximately 
7 miles. The three highest peaks are Mt. Waumbek (elevation 4005 feet), 
Mt. Starr King (3913 feet), and Round Mountain (3890 feet). The range 
takes its name from Pliny Mountain which rises to a height of 3605 feet 
on the southeast side of the mass (PI. 2). 

Farther to the east is the Crescent Range. Although nearly 1000 feet 
lower than the Pliny Range, it is no less striking topographically. It is 
broadly arcuate with a radius of curvature of about 4 miles and a length 
of over 12 miles. Black Crescent Mountain (3265 feet) and Mt. Crescent 
(3230 feet) are the two highest peaks (PI. 1). 

North of the Pliny Range a portion of the Pilot Range extends south- 
ward into the area. This is represented by the southern slope of Mt. 
Cabot (4160 feet) and by Terrace Mountain (3640 feet). The topo- 
graphic break between the Pilot and Pliny ranges is not strong. 

The topography and drainage of the Pliny region are determined pri- 
marily by differences in rock hardness. The ranges, composed of hard 
resistant intrusives, rise above the surrounding lowlands which are under- 
lain by older and softer intrusive and metamorphic rocks. The three 
main streams are the Israel River in the southern half of the area, the 
Upper Ammonoosuc River in the northeastern portion, and westerly flow- 
ing Garland Brook which drains that portion northwest of the Pliny 
Range. A myriad of tributaries, flowing from the mountains, form an 
intricate drainage pattern in perfect adjustment to the geologic struc- 
ture (Pl. 1). 

The Pliny region is mainly a wilderness. Except in the extreme west- 
ern portion, the mountains and lowlands alike are clothed with a dense 
cover of birch, maple, aspen, beech, spruce, and fir. No roads cross 
the center of the area so that the interior is accessible only by foot trails. 
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Since most of the area lies within the White Mountain National Forest, 
however, these trails are kept in first-class condition at all times. 


GLACIAL DRIFT 


The Pliny region is heavily glaciated. Locally the drift completely 
conceals the underlying rock, and these places have been mapped as 
glacial drift (Pl. 1). For example, the topographic basin north of Mt. 
Starr King and Mt. Waumbek is filled with glacial drift which in many 
places is probably 100 feet or more thick. The flat area south of the 
village of Jefferson is likewise deeply covered. Somewhat thinner drift 
occurs northwest and southeast of Mt. Crescent, in the extreme northeast 
portion of the area, and along the broad valley of the Upper Ammonoosuc 
River. 

METHOD OF STUDY 

A number of reconnaissance trips were made by Marland Billings and 
the writer during the summer of 1936. Detailed mapping, however, occu- 
pied approximately 11 weeks during the summers of 1939 and 1940. 
Enlarged photostatic copies of the Mt. Washington quadrangle of the 
United States topographic atlas were used as base maps. Elevations were 
determined by means of an aneroid barometer. 

At the time the field work was done, Billings was studying the structure 
and metamorphism of the Presidential Range. As both areas lie on the 
same topographic sheet, it was thought advisable to map the entire 
Mt. Washington quadrangle. Accordingly, Billings undertook the map- 
ping of the southern half of the topographic sheet, and the writer, assisted 
by Carleton A. Chapman, completed the northern half. 

Billings (1941) has published on the structure and metamorphism in 
the Mt. Washington area, and the present paper deals with the ring struc- 
tures of the northern part of the Mt. Washington quadrangle. A third 
paper is in preparation on the petrology and structure of the Oliverian 
magma series in the Mt. Washington quadrangle. Later, it is hoped that 
a colored geological map and a quadrangle report may be published. 
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NATURE OF THE COUNTRY ROCK 


Since the exact nature of the country rock is not pertinent to the pres- 
ent problem, it will be mentioned only briefly here. 

The oldest formation, the Albee, occurs as a narrow, east-west band, 
1 mile long, 4 miles northwest of Mt. Starr King. It is a fine-grained, 
gray, impure quartzite and has been described in detail by Billings (1937, 
p. 472-475). Its age is pre-Silurian and probably late Ordovician. Large 
inclusions of it are abundant in the hastingsite-riebeckite granite on 
Terrace Mountain (PI. 1). 

Immediately south of the Albee formation, northwest of Mt. Starr 
King, are the Ammonoosue voleanics. This voleanic formation is also 
pre-Silurian (Billings, 1937, p. 457-480) and stratigraphically overlies 
the Albee formation in the Littleton quadrangle. Its age is also probably 
late Ordovician. The voleanics are composed largely of fine-grained 
biotite gneiss with minor amounts of amphibolite and mica schist. 

In the extreme northwest corner of the area the country rock belongs 
to the Lost Nation group (Chapman, 1935, p. 405) which here consists 
of medium-grained, dark intrusives, including mainly quartz diorite and 
diorite with some gabbro and syenite. All these rocks show considerable 
hydrothermal alteration and metamorphism. The Lost Nation quartz 
diorite is assigned to the Highlandcroft magma series (Billings, 1937, 
p. 499-500) near Littleton, New Hampshire, which is believed to be late 
Ordovician. 

Most of the country rock consists of the Oliverian magma series 
(Billings, 1937, p. 501-502), a group of medium- to coarse-grained, light- 
colored intrusives probably of late Devonian age. In the Pliny region 
this series consists of: (1) biotite gneiss, (2) porphyritic biotite gneiss, 
(3) coarse granite, (4) coarse syenite, (5) hornblende-quartz monzonite, 
and (6) fine, gray quartz monzonite. Some of these types are distinctly 
foliated whereas others are massive, but all are of igneous origin. The 


general distribution may be seen in Plate 1. No attempt has been made — 


here to show the distribution of the varieties. In areas southwest of the 
Pliny region the Oliverian magma series forms a long line of domelike 
bodies trending north-northeast. Structural studies indicate that the 
Oliverian rocks in the Pliny region are also part of a large dome into 
which ring dikes and stocks have been intruded. 

The boundary between the Lost Nation group and the narrow band of 
Albee formation on the north, and the Ammonoosuc voleanics on the 
south is probably the northward extension of the Ammonoosuc thrust 
fault (Billings, 1937). Throughout most of western New Hampshire the 
Ammonoosuc thrust fault trends generally northeast, but in the Pliny 
region it apparently strikes west-northwest. Further work west and 
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southwest of the Pliny region is necessary to substantiate this view. The 
Ammonoosuc thrust fault is older than the White Mountain magma 
series. 

PETROGRAPHY OF THE WHITE MOUNTAIN MAGMA SERIES 


GENERAL STATEMENT 


The rocks forming the ring dikes and stocks belong to the White 
Mountain magma series which, according to Williams and Billings (1938, 
p. 1025), is probably Mississippian or early Pennsylvanian. The indi- 
vidual rock types of this series have been previously described in many 
reports (Daly, 1903; Eggleston, 1918; Billings, 1928; Kingsley, 1931; 
Jenks, 1934; R. W. Chapman, 1935; 1937; Chapman and Williams, 1935; 
Modell, 1936; Quinn, 1937; Williams and Billings, 1938; Smith et al., 
1939; Chapman and Chapman, 1940). In addition, a comprehensive 
study of the whole series has been made by Chapman and Williams 
(1935). Accordingly, only a brief petrographic description of each type 
is given here. Modes of all rock types compose Table 1. 

Special optical study was made of the minerals of the plutonic rocks, 
and the results are described fully. No new chemical analyses of minerals 
are available, but on the basis of optical properties the chemical compo- 
sitions can be compared with chemical analyses of minerals of the White 
Mountain magma series (Table 5). It is believed that in the future 
such optical and chemical properties will be of great value in determin- 
ing the course of differentiation of the White Mountain magma series. 

The intrusive rocks of the White Mountain magma series found in 
the Pliny region, exclusive of the associated complementary dikes, are 


as follows, oldest at the bottom: 

Conway granite 

Pink biotite granite * 

Granite porphyry * 

Hastingsite-biotite granite * 

Hastingsite-riebeckite granite 

Hastingsite-quartz syenite 

Quartz monzodiorite and quartz monzonite 

The age sequence is based upon: (1) relations as determined at con- 

tacts between these rock types in the Pliny region, and (2) correlation 
of these rocks with their equivalents in other regions where the relative 


ages are known. Age relations are discussed in detail in a later section. 


QUARTZ MONZODIORITE AND QUARTZ MONZONITE 


The quartz monzodiorite and quartz monzonite cannot be differentiated 
megascopically. Inasmuch as the two rock types apparently grade into 
one another, both are shown on the geological map (Pl. 1) by the same 


1The exact position in the sequence of these rocks is not certain. 
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pattern. They form two separate bodies. The larger body lies on the 
north side of the Pliny Range, but unfortunately, heavy glacial cover 
conceals its areal distribution and original shape. The smaller body is 
a ring dike, 1 square mile in area, which lies due north of Jefferson. 
Furthermore, the quartz monzodiorite occurs both as inclusions and 
dikes in the shatter zone portion of the composite ring dike northeast 
of Jefferson. A large inclusion of quartz monzodiorite, too small to show 
on Plate 1, was found in the hastingsite-riebeckite granite at an elevation 
of 3200 feet on the southeast slope of the eastern knoll on Terrace Moun- 


tain. 
The quartz monzodiorite and quartz monzonite are similar texturally 


and contain the same minerals but in different proportions. The two 
types are named according to the rock classification that has generally 
been used for the White Mountain magma series (Chapman and Wil- 
liams, 1935). Field relations and laboratory studies show that both of 
these types are closely related genetically and they appear to grade 


into one another. 

The quartz monzodiorite and quartz monzonite are dark-gray and even-grained 
with varying proportions of light and dark minerals. The grain size ranges from 
0.5 to 3 millimeters in different specimens, although the feldspar phenocrysts in one 
porphyritic specimen are 1 centimeter in diameter. On the whole the dark con- 
stituents are somewhat smaller than the light. In most specimens the normal 
texture is granular, but in a few a diabasic texture is apparent. Some varieties of 
the rock are pinkish due to the presence of abundant orthoclase. 

Microscopically, all these rocks are hypidiomorphic granular and generally even- 
grained. Some thin sections show a decided diabasic texture. The essential minerals 
are orthoclase, plagioclase, quartz, pyroxene, hornblende, and biotite. Accessories 
include apatite, magnetite, zircon, sphene, and allanite. Secondary minerals such 
as chlorite, epidote, sericite, and kaolin are abundant. Modal analyses of several 
specimens are shown in Table 1. 

Orthoclase makes up from 5 to 23 per cent of the quartz monzodiorite and from 
20 to 42 per cent of the quartz monzonite by volume. It occurs both as individual 
crystals and as borders on plagioclase laths. All grains are altered either to kaolin 
or to sericite. Lath-shaped plagioclase crystals compose from 42 to 69 per cent 
by volume of the quartz monzodiorite and from 23 to 31 per cent of the quartz 
monzonite. Most of it is sodic andesine (Ans-«), but in two specimens of quartz 
monzodiorite it is labradorite (Ans). Polysynthetic twinning is common and most 
crystals show distinct zoning with cores of andesine and borders of oligoclase. 
Many cores have altered to epidote and sericite. Quartz, in varying proportions 
(Table 1), is molded into the interstices between the feldspars and ferromagnesian 
minerals. Pyroxene, hornblende, and biotite are the chief dark minerals. 

The pyroxene occurs as irregular cores, about 0.5 millimeter in diameter, rimmed 
by pale green hornblende, indicating that the hornblende has been derived from 
the pyroxene by a late magmatic reaction. The pyroxene is nearly colorless 
to pale pinkish-yellow in thin section, and contains abundant poikilitic inclusions 
of quartz and feldspar. Some of the pyrexene from specimen 78 of the quartz 
monzodiorite was isolated for optical study and gave the properties shown in Table 2. 
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According to Winchell’s diagram of the diopside-hedenbergite series (1933, p. 226), 
it is a diopside, and consists of 63 per cent by weight of diopside and 37 per cent 
by weight of hedenbergite. It contains 12 per cent by weight of MgO and 11 
per cent of FeO. 

The hornblende in the quartz monzodiorite and quartz monzonite is green-brown 
and occurs: (1) as distinct crystals, and (2) as reaction rims around pyroxene. 
The crystals range in diameter from 0.3 to 1 millimeter and average 0.5 millimeter. 
A few contain poikilitic inclusions of quartz and feldspar. The reaction rims are 
irregular and vary greatly in width. It is apparent that both the hornblende 
crystals and rims have resulted from the magmatic reworking of pyroxene. 

In different specimens the indices of refraction of the hornblende vary somewhat, 
although the other optical properties are essentially constant. These relations are 
shown in Table 3, where the optical properties of two different specimens of horn- 
blende from the quartz mcnzodiorite (specimens 87 and 120) are compared with 
those of a hornblende from a syenite of the White Mountain magma series in the 
adjacent Percy quadrangle. 

The refractive indices suggest that the hornblende from specimen 120 has a 
somewhat higher MgO:FeO ratio than that from the Percy syenite, a chemical 
analysis (Chapman and Williams, 1935, p. 512) of which is shown in Table 5. The 
hornblende from specimen 87 would probably be even richer in magnesia. A re- 
checking of data suggests that the optic angle of the hornblende from the Percy 
syenite is about 65° rather than 35° as reported by Chapman and Williams. 

The optical properties of the hornblende from specimen 87 are the same as those 
of an amphibole from a diorite of the White Mountain magma series from Mt. 
Pequawket in the North Conway quadrangle, New Hampshire (Billings, 1928, p. 103). 
According to Billings the amphibole from the North Conway quadrangle is a 
normal hornblende relatively rich in magnesia compared to hastingsite. 

Brown biotite, abundant in both the quartz monzodiorite and quartz monzonite, 
occurs as ragged crystals, 0.3 to 1 millimeter across, some of which are intergrown 
with pyroxene and hornblende. Poikilitic inclusions are not uncommon, and many 
grains are altered to green chlorite along cleavage cracks. Refractive indices differ 
slightly in different specimens of biotite. Complete optical data on two specimens 
of biotite are shown in Table 4. These biotites were chosen from the same two 
specimens of quartz monzodiorite (specimens 87 and 120) that yielded the two 
hornblendes already described. 

The optical properties of the biotite from specimen 87 are identical with those 
of a biotite from the Ames monzodiorite in the Belknap Mountains, New Hampshire 
(Chapman and Williams, 1935, p. 512-513). Thus the chemical composition is 
probably essentially the same. A chemical analysis of the biotite from the Belknap 
Mountains is shown in Table 5. 

The biotite from specimen 120 is optically like the biotite from the Conway 
granite (see Table 4), which suggests identical chemical composition. However, 
it seems strange that two rocks, such as the quartz monzodiorite and the Conway 
biotite granite, whose chemical compositions are so different, should contain biotites 
which are chemically alike. Possibly the indices are not reliable in determining 
accurately the chemical composition of the biotite. 


HASTINGSITE-QUARTZ SYENITE 


The areal extent of the hastingsite-quartz syenite in the Pliny region 
is between 5 and 6 square miles. This resistant rock makes up the largest 
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ring dike in the region, and is chiefly responsible for the great height of 
the Pliny Range. Hastingsite-quartz syenite also occurs in three other 
places in the Pliny region: (1) in the northern part of the composite ring 
dike north of Jefferson, (2) as a small stock 1 mile southwest of Pliny 
Mountain, and (3) as a small lenslike mass at the northern end of the 
ring dike of quartz monzodiorite and quartz monzonite 214 miles north- 
west of Mt. Starr King. 


In hand specimen the typical hastingsite-quartz syenite is even-textured to sub- 
porphyritic, medium-grained, and composed essentially of feldspar and hastingsite. 
A few specimens, however, are medium-fine grained and distinctly porphyritic. 
The feldspars are commonly lathlike, and are locally arranged in a trachytic fashion. 
They are 2 to 5 millimeters long and 1 millimeter wide. In other specimens the 
feldspars are equidimensional with an average diameter of from 1 to 2 millimeters. 
Carlsbad twins are common. The dark minerals range from a fraction of a millimeter 
to 3 millimeters. The fresh rock is bluish green but weathers white, pink, or rusty 
brown. 

Microscopically the hastingsite-quartz syenite is hypidiomorphic-granular and 
consists essentially of microperthite, plagioclase, quartz, and hastingsite. For the 
most part it is even-grained, but a few specimens are seriate. Accessory minerals 
are pyroxene, biotite, apatite, magnetite, zircon, sphene, and allanite. Chlorite (from 
biotite) and hematite are secondary. Modes of several specimens of hastingsite- 
quartz syenite are shown in Table 1. 

The microperthite consists of potash feldspar penetrated by long, slender, parallel 
stringers or irregular patches of albite. The ratio of orthoclase to albite by volume 
in the microperthite is from 3:1 to 2:1. Adjacent perthite crystals are commonly 
intergrown along sutured or interdented boundaries. The plagioclase is sodic 
oligoclase (Aniw-Anis) and occurs generally as small anhedra showing albite twins. 

Quartz occurs chiefly interstitially between the feldspars. Table 1 shows that the 
quartz content ranges from 8 to 19 per cent by volume. However, most specimens 
contain between 8 and 15 per cent and are thus classified as hastingsite-quartz syenites. 

The hastingsite in the hastingsite-quartz syenite is dark green to olive green. 
Most grains are subhedral or anhedral, 0.3 to 3 millimeters in cross section, and 
dotted with poikilitic quartz and feldspar. Many of these grains are interstitial 
between the feldspars suggesting late crystallization. A small percentage of the 
hastingsite occurs as irregular masses altering from hedenbergite. The optical 
properties of the hastingsite from specimen 34 are shown in Table 3, where they 
may be compared with those of a hastingsite from a quartz syenite in the North 
Conway quadrangle, New Hampshire. 

Billings (1928, p. 110) gives a chemical analysis of the North Conway hastingsite 
and this is shown in Table 5. Inasmuch as the refractive indices of the hastingsite 
from the hastingsite-quartz syenite of the Pliny region are slightly higher than 
those of the North Conway hastingsite, it may be that the hastingsite from the 
Pliny region is poorer in magnesia and richer in ferrous iron. 

Pyroxene is not abundant, but it was observed in a few sections as small, pale- 
green to bright-green, subhedral or euhedral crystals 0.1 to 0.5 millimeter across. 
Many crystals show fractures along which the pyroxene has altered to yellow anti- 
gorite. In Table 2 the optical properties of this pyroxene, taken fom specimen 65, 
are compared with those of a hedenbergite from a syenite in the Percy quadrangle, 
New Hampshire. 
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These two pyroxenes are essentially the same optically except that the heden- 
bergite from the Percy quadrangle is somewhat more deeply colored. The chemical 
compositions of the two are probably about the same, i.e. both minerals are heden- 
bergite. The hedenbergite from the syenite of the Percy quadrangle has been 
analyzed chemically (Chapman and Williams, 1935, p. 512) and this analysis is 
shown in Table 5. 

HASTINGSITE-RIEBECKITE GRANITE 


Hastingsite-riebeckite granite forms an irregular stock-like mass along 
the northern boundary of the area. Its areal extent in the Pliny region 
is approximately 614 square miles. This rock type is an extension of a 
hastingsite-riebeckite granite body in the Percy region (Chapman, 1935, 
p. 426-428). There the rock contains three different amphiboles: hast- 
ingsite, riebeckite, and hornblende. In the Pliny region, however, horn- 
blende is absent. Inasmuch as some specimens from the Pliny region 
contain both hastingsite and riebeckite it was found impracticable to 
try to separate this amphibole granite into two distinct types. 


The hastingsite-riebeckite granite is medium-grained and consists principally of 
feldspar, quartz, hastingsite, and riebeckite. Its texture, both megascopically and 
microscopically, is similar to that of the hastingsite-quartz syenite, and the color 
of the hastingsite granite phase is exactly like that of the hastingsite-quartz syenite. 
Some specimens of the riebeckite phase are white or buff and dotted with jet slack 
amphibole. 

The hastingsite-riebeckite granite is generally richer in quartz than the hastingsite- 
quartz syenite. Microperthite is somewhat less abundant, and in it the ratio of 
potash feldspar to soda feldspar is slightly less than in the microperthite of the 
hastingsite-quartz syenite. Sodic oligoclase (Ani) is present in about the same 
amount as in the hastingsite-quartz syenite. Some specimens contain only hasting- 
site, some only riebeckite, and others contain both. Accessories include astrophyllite, 
allanite, fluorite, zircon, sphene, hedenbergite, biotite, apatite, yellow chlorite, 
magnetite, and hematite. Modes are shown in Table 1. 

Most of the hastingsite occurs as clean, irregular crystals, 1 or 2 millimeters 
across. Its interstitial occurrence between subhedral feldspars suggests late crystalli- 
zation. Some hastingsite forms alteration rims on bright green hedenbergite. 

The optical properties of the hastingsite from specimen 18, shown in Table 3, 
differ from those of the hastingsite in the other rocks in several respects: (1) The 
Z direction is bluish green instead of olive green or dark green; (2) the optic angle 
is smaller; and (3) dispersion is stronger with r<v instead of r>v. The blue-green 
color and the strong dispersion of this mineral, together with its close association 
with riebeckite, suggests the presence of abundant soda and ferric iron. However, 
it is believed that the above optical properties justify classifying this mineral as 
hastingsite. 

The riebeckite has two modes of occurrence. Most of it forms large, irregular 
interstitial crystals, 1 to 3 millimeters in diameter, between subhedral grains of 
microperthite. These crystals are commonly spongy with poikilitic inclusions of 
fluorite and magnetite. Riebeckite also occurs in groups of slender, radiating fibers. 
Its close association with hastingsite in some sections, suggests late hydrothermal 
alteration of hastingsite by solutions rich in soda and iron. 

The optical properties of the riebeckite from the hastingsite-riebeckite granite 
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ring dike in the region, and is chiefly responsible for the great height of 
the Pliny Range. Hastingsite-quartz syenite also occurs in three other 
places in the Pliny region: (1) in the northern part of the composite ring 
dike north of Jefferson, (2) as a small stock 1 mile southwest of Pliny 
Mountain, and (3) as a small lenslike mass at the northern end of the 
ring dike of quartz monzodiorite and quartz monzonite 21% miles north- 
west of Mt. Starr King. 


In hand specimen the typical hastingsite-quartz syenite is even-textured to sub- 
porphyritic, medium-grained, and composed essentially of feldspar and hastingsite. 
A few specimens, however, are medium-fine grained and distinctly porphyritic. 
The feldspars are commonly lathlike, and are locally arranged in a trachytic fashion. 
They are 2 to 5 millimeters long and 1 millimeter wide. In other specimens the 
feldspars are equidimensional with an average diameter of from 1 to 2 millimeters. 
Carlsbad twins are common. The dark minerals range from a fraction of a millimeter 
to 3 millimeters. The fresh rock is bluish green but weathers white, pink, or rusty 
brown. 

Microscopically the hastingsite-quartz syenite is hypidiomorphic-granular and 
consists essentially of microperthite, plagioclase, quartz, and hastingsite. For the 
most part it is even-grained, but a few specimens are seriate. Accessory minerals 
are pyroxene, biotite, apatite, magnetite, zircon, sphene, and allanite. Chlorite (from 
biotite) and hematite are secondary. Modes of several specimens of hastingsite- 
quartz syenite are shown in Table 1. 

The microperthite consists of potash feldspar penetrated by long, slender, parallel 
stringers or irregular patches of albite. The ratio of orthoclase to albite by volume 
in the microperthite is from 3:1 to 2:1. Adjacent perthite crystals are commonly 
intergrown along sutured or interdented boundaries. The plagioclase is sodic 
oligoclase (Aniw-Anis) and occurs generally as small anhedra showing albite twins. 

Quartz occurs chiefly interstitially between the feldspars. Table 1 shows that the 
quartz content ranges from 8 to 19 per cent by volume. However, most specimens 
contain between 8 and 15 per cent and are thus classified as hastingsite-quartz syenites. 

The hastingsite in the hastingsite-quartz syenite is dark green to olive green. 
Most grains are subhedral or anhedral, 0.3 to 3 millimeters in cross section, and 
dotted with poikilitic quartz and feldspar. Many of these grains are interstitial 
between the feldspars suggesting late crystallization. A small percentage of the 
hastingsite occurs as irregular masses altering from hedenbergite. The optical 
properties of the hastingsite from specimen 34 are shown in Table 3, where they 
may be compared with those of a hastingsite from a quartz syenite in the North 
Conway quadrangle, New Hampshire. 

Billings (1928, p. 110) gives a chemical analysis of the North Conway hastingsite 
and this is shown in Table 5. Inasmuch as the refractive indices of the hastingsite 
from the hastingsite-quartz syenite of the Pliny region are slightly higher than 
those of the North Conway hastingsite, it may be that the hastingsite from the 
Pliny region is poorer in magnesia and richer in ferrous iron. 

Pyroxene is not abundant, but it was observed in a few sections as small, pale- 
green to bright-green, subhedral or euhedral crystals 0.1 to 0.5 millimeter across. 
Many crystals show fractures along which the pyroxene has altered to yellow anti- 
gorite. In Table 2 the optical properties of this pyroxene, taken fom specimen 65, 
are compared with those of a hedenbergite from a syenite in the Percy quadrangle, 
New Hampshire. 
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These two pyroxenes are essentially the same optically except that the heden- 
bergite from the Percy quadrangle is somewhat more deeply colored. The chemical 
compositions of the two are probably about the same, i.e. both minerals are heden- 
bergite. The hedenbergite from the syenite of the Percy quadrangle has been 
analyzed chemically (Chapman and Williams, 1935, p. 512) and this analysis is 


shown in Table 5. 
HASTINGSITE-RIEBECKITE GRANITE 


Hastingsite-riebeckite granite forms an irregular stock-like mass along 
the northern boundary of the area. Its areal extent in the Pliny region 
is approximately 614 square miles. This rock type is an extension of a 
hastingsite-riebeckite granite body in the Percy region (Chapman, 1935, 
p. 426-428). There the rock contains three different amphiboles: hast- 
ingsite, riebeckite, and hornblende. In the Pliny region, however, horn- 
blende is absent. Inasmuch as some specimens from the Pliny region 
contain both hastingsite and riebeckite it was found impracticable to 
try to separate this amphibole granite into two distinct types. 


The hastingsite-riebeckite granite is medium-grained and consists principally of 
feldspar, quartz, hastingsite, and riebeckite. Its texture, both megascopically and 
microscopically, is similar to that of the hastingsite-quartz syenite, and the color 
of the hastingsite granite phase is exactly like that of the hastingsite-quartz syenite. 
Some specimens of the riebeckite phase are white or buff and dotted with jet-black 
amphibole. 

The hastingsite-riebeckite granite is generally richer in quartz than the hastingsite- 
quartz syenite. Microperthite is somewhat less abundant, and in it the ratio of 
potash feldspar to soda feldspar is slightly less than in the microperthite of the 
hastingsite-quartz syenite. Sodic oligoclase (Ani) is present in about the same 
amount as in the hastingsite-quartz syenite. Some specimens contain only hasting- 
site, some only riebeckite, and others contain both. Accessories include astrophyllite, 
allanite, fluorite, zircon, sphene, hedenbergite, biotite, apatite, yellow chlorite, 
magnetite, and hematite. Modes are shown in Table 1. 

Most of the hastingsite occurs as clean, irregular crystals, 1 or 2 millimeters 
across. Its interstitial occurrence between subhedral feldspars suggests late crystalli- 
zation. Some hastingsite forms alteration rims on bright green hedenbergite. 

The optical properties of the hastingsite from specimen 18, shown in Table 3, 
differ from those of the hastingsite in the other rocks in several respects: (1) The 
Z direction is bluish green instead of olive green or dark green; (2) the optic angle 
is smaller; and (3) dispersion is stronger with r<v instead of r>v. The blue-green 
color and the strong dispersion of this mineral, together with its close association 
with riebeckite, suggests the presence of abundant soda and ferric iron. However, 
it is believed that the above optical properties justify classifying this mineral as 
hastingsite. 

The riebeckite has two modes of occurrence. Most of it forms large, irregular 
interstitial crystals, 1 to 3 millimeters in diameter, between subhedral grains of 
microperthite. These crystals are commonly spongy with poikilitic inclusions of 
fluorite and magnetite. Riebeckite also occurs in groups of slender, radiating fibers. 
Its close association with hastingsite in some sections, suggests late hydrothermal 
alteration of hastingsite by solutions rich in soda and iron. 

The optical properties of the riebeckite from the hastingsite-riebeckite granite 


1 Ut Siequinu usutiveds 07 puodsass09 siaquinu 


1546 


= 

Z<K>X Z>K>X 

Avia = 7 deap= BATIO= 7 Z>AK>X Z>K>X Z>A>X Z>A>X Z>A>X 

° MOTPPA A VATIO= | UMOIG X | 7 uaaiZ = 7 YIVp= 7 Ud2IB 7 

uMOIG K | UMOIG BATIO= K | UMOIG KX | UMOIG DATO= 

dvep= Xx | | UMOIG KX | UMOIG | UMOIG X | UMOIG-MOT[aA= X | UMOIG | UMOIG | 

o q=Z q=A q=A q= 

2 Buoys ‘A< ‘ADI uintpeut ‘A< Buosys ‘ACI uintpeul ‘A< uoisiadsiqy 

< 

669°T SILT FOL T 669°T 689°T 

¥69'T 6IL'T FOL T 669°T £69°T €89°T g seo1puy 
169°T 869°T 689°T 902°T 889°T 0L9'T 


uorbas fo fo sar.sadoid AAV], 


i. 


PETROGRAPHY OF THE WHITE MOUNTAIN MAGMA SERIES 1547 


(specimen 96) on the south slope of Mt. Cabot are given in Table 3. These 
properties are identical with those of the riebeckite from the riebeckite granite 
of the Perey quadrangle to the north (Chapman and Williams, 1935, p. 512-513). 
A chemical analysis of the riebeckite from the Percy quadrangle is shown in Table 5. 


HASTINGSITE-BIOTITE GRANITE 


The hastingsite-biotite granite crops out east and southeast of Round 
Mountain, and is approximately 2 square miles in areal extent. The 
exact shape of the body is not known, but the regional distribution of 
outcrops suggests an elliptical stock. 

The hastingsite-biotite granite is a medium-grained to fine-grained pink rock 
consisting essentially of feldspar and quartz mottled with hastingsite and biotite. 
The medium-grained phase is equigranular to subporphyritic with lathlike crystals 
of microperthite which show Carlsbad twins. The average grain size ranges from 
1 to 3 millimeters, but a few biotite flakes are 5 millimeters across. The fine-grained 
phase shows the same textural features as the medium-grained phase, but the 
average grain size is slightly less than 1 millimeter. 

Under the microscope the hastingsite-biotite granite is allotriomorphic and hypi- 
diomorphiec. Microperthite occurs as rectangular or irregular crystals in which the 
ratio by volume of potash feldspar to soda feldspar is approximately 3:1. Adjacent 
microperthite crystals are separated by narrow zones of tiny albite grains, many 
of which show albite twinning. The general appearance of these small grains suggests 
that they were introduced between the microperthite crystals during the late stages 
of crystallization. In fact this albite and that which is present as veins and patches 
in the microperthite may be genetically related. Sodic oligoclase (Ani) occurs as 
well-twinned rectangular crystals many of which show distinct zoning. The quartz 
forms irregular, strained, interstitial masses between the feldspars. 

The hastingsite is like that described previously. Its occurrence and optical 
properties are identical with those of the hastingsite in the hastingsite-quartz syenite 
(specimen 34) and further description is not necessary here. 

Biotite occurs as irregular grains from 0.2 to 1 millimeter in diameter. Practically 
all grains are greatly altered at their borders and along cleavages to green chlorite, 
magnetite, and hematite, preventing accurate determinations of the refractive 
indices. However, the occurrence and pleochroism of the mineral suggests that 
it is not greatly different from the biotite in the other rocks of this series. 

Accessory minerals include apatite, magnetite, zircon, sphene, and allanite. Sec- 
ondary minerals, altering from biotite, are green chlorite and hematite. Modes 
of three specimens of hastingsite-biotite granite are shown in Table 1. 


GRANITE PORPHYRY 


The granite porphyry, which makes up the Crescent Range, covers 
about 5 square miles. It is confined entirely to this area except for a 
small dike which cuts the hastingsite-riebeckite granite at an elevation 
of 3200 feet on the southeast slope of the eastern knoll on Terrace 
Mountain. 

The granite porphyry is a tough, resistant rock which is easily recognized by its 
peculiar texture. It is pink to gray and consists of phenocrysts of pink feldspar 
and smoky quartz in a dense, light-gray groundmass peppered with dark minerals. 
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The smoky quartz phenocrysts, 1 to 2 millimeters in diameter, are always well 
rounded, a feature found only in the granite porphyry. The pink feldspar pheno- 
crysts are square or rectangular and 1 to 3 millimeters in cross section. In most 
cases the groundmass is so fine-grained that individual crystals are not discernible 
megascopically. 

Irregular or rounded fragments, 1 inch or less in diameter, were found in the 
granite porphyry. These are composed of very dense, dark-gray, crystalline material 
spotted with pink feldspar phenocrysts 2 to 3 millimeters across. They are believed 
to represent inclusions which were incorporated and reworked by the granite porphyry 
during its intrusion. 

Microscopically the granite porphyry has much the appearance of an extrusive 
rock. The groundmass, composing 25 to 75 per cent, is a remarkably uniform 
fabric of crystals of orthoclase and quartz approximately 0.05 millimeter in diameter. 
Slightly more than half the groundmass is orthoclase, and the remainder is quartz 
with a few grains of sodic oligoclase (Ani). 

In cross section many of the quartz phenocrysts suggest the bipyramid so common 
in lavas. Other quartz grains are well rounded, and some are corroded; many 
show evidence of straining. The feldspar phenocrysts are all microperthite, and, 
like the quartz crystals, generally evince rounding and corrosion. 

Hastingsite occurs as small rounded or subhedral phenocrysts which range from 
0.1 to 0.5 millimeter in diameter. It is notably spongy or poikilitie with numerous 
rounded inclusions of quartz and orthoclase. A sample was isolated from specimen 
45, and its optical properties are shown in Table 8. 

Biotite occurs in all specimens of granite porphyry as irregular phenocrysts 0.2 
to 0.5 millimeter across. It is so badly altered to chlorite and hematite, however, 
that its optical properties could not be measured. 

Accessory minerals are hedenbergite, apatite, magnetite, zircon, sphene, allanite, 
and fluorite. Biotite alters to green chlorite and hematite. Six modal analyses 
of the granite porphyry are shown in Table 1. 


According to Billings (personal communication) the granite porphyry 
is similar to the Mt. Lafayette granite porphyry of the Franconia quad- 
rangle, New Hampshire (Williams and Billings, 1938). 


PINK BIOTITE GRANITE 


The pink biotite granite forms dikes and small irregular intrusive 
masses in the composite ring dike immediately northeast of Jefferson. 
Small masses, not shown on Plate 1, were also found 1 mile north of the 
village of Starr King. 


This granite is pinkish-gray and shows a uniform character in all outcrops. 
Subporphyritic varieties occur, but on the whole the rock is remarkably even 
grained with individual crystals averaging 1 millimeter in diameter. Some speci- 
mens show a crude alignment of feldspar laths. The essential minerals are potash 
feldspar, quartz, and biotite. 

Thin sections show this rock to be closely similar to the Conway granite, of 
which it may indeed be a phase. The texture is hypidiomorphie and even grained, 
and adjacent grains commonly interlock. Microperthite is the chief mineral, and 
its ratio by volume of potash feldspar to soda feldspar is 3:1. Sodic oligoclase 
(Ans) and interstitial quartz are the other essential felsic constituents. 
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Biotite is the only primary ferromagnesian mineral. In some specimens clean, 
irregular grains measure 0.2 to 1 millimeter across. Pleochroic halos surrounding 
zircon inclusions are common. In other specimens, all the biotite has altered to 
chlorite. The optical properties of the biotite from specimen 116 resemble those 
of a biotite from a gabbro of the White Mountain magma series from Tripyramid 
Mountain, New Hampshire (Chapman and Williams, 1935, p. 512-513). These are 
compared in Table 4. 

The birefringence of the biotite from the pink biotite granite is higher than that 
of the biotite from the Tripyramid Mountain gabbro. In fact it is higher than 
that of any biotite of the White Mountain magma series determined to date. This 
may be due to abundant ferric iron and/or titanium (Winchell, 1933, p. 273). The 
chemical analysis of the biotite from the gabbro of Tripyramid Mountain (Chap- 
man and Williams, 1935, p. 512) is shown in Table 5. In spite of somewhat similar 
indices, the biotite from the pink biotite granite may be much richer in iron than 
the biotite from the Tripyramid Mountain gabbro. 

Accessory minerals of the pink biotite granite are apatite, magnetite, zircon, 
sphene, and allanite. Secondary chlorite from biotite is common. Two modes of 
the pink biotite granite are shown in Table 1. 


CONWAY GRANITE 


The Conway granite forms numerous, small, probably more or less 
circular stocks (Pl. 1). It also occurs at the very northern edge of the 
area on the southern margin of a large stock which extends south from 
the Perey quadrangle. The total area of the Conway granite exposed 
in the Pliny region is about 4 square miles. 

This granite, an important member of the White Mountain magma 
series, is a granular rock, composed principally of pink potash feldspar, 
smoky quartz, and biotite. Each of these minerals collects into aggre- 
gates. The rock is typically pink and weathers white or brownish. Its 
texture varies widely so that in some other areas it has been divided into 
several textural phases (Billings, 1928, p. 118-124; Chapman, 1935, p. 
428-430). In the Pliny region no attempt was made to map variations 
because the bodies are small and isolated and the outcrops are poor. 

In the Pliny region the Conway granite is generally medium-grained with indi- 
vidual crystals ranging from 1 to 4 millimeters in diameter, but some specimens 
are fine-grained. A porphyritic phase, extending into the Pliny region from the 
north, is exposed in a small quarry along the unimproved road 1 mile west-southwest 
of York Pond. The groundmass is similar in texture and grain size to that of 
the medium-grained granite, but the lathlike phenocrysts of microperthite attain 
a diameter of nearly 15 millimeters. Most of these phenocrysts show Carlsbad 
twinning. 

Microscopically the Conway granite is hypidiomorphic-granular and consists 
essentially of microperthite, slightly strained quartz, twinned and zoned oligoclase 
(Ans), and brown biotite. Accessory minerals are apatite, magnetite, zircon, sphene, 
and allanite. Other accessories have been reported from other areas. Chlorite 
occurs as an alteration from biotite. 

The nature and occurrence of the biotite in this rock are the same as for the 
biotite of the pink biotite granite, but the indices of refraction are much higher. 
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The optical properties of the biotite in a specimen (36) of Conway granite from 
the small body 114 miles west-northwest of Mt. Starr King are shown in Table 4. 
They match those measured on biotite from the Conway granite in the Percy 
quadrangle, New Hampshire (Chapman and Williams, 1935, p. 512-513). The 
chemical analysis of the biotite from the Percy quadrangle is shown in Table 5. 


AGE RELATIONS OF ROCKS OF THE WHITE MOUNTAIN MAGMA SERIES 


The relative ages of the rock members of the White Mountain magma 
series in the Pliny region are based upon: (1) relations as determined 
at contacts between these rock types in the Pliny region, and (2) cor- 
relation of these rocks with their equivalents in other regions where the 
relative ages are known. 

The quartz monzodiorite and quartz monzonite are similar petro- 
graphically and intergradational, and they are, therefore, probably 
essentially contemporaneous. Fortunately, there is considerable evidence 
in the Pliny region as to the relative ages of these two rock types. 

In Garland Brook, where the quartz monzodiorite and quartz mon- 
zonite disappear beneath the drift, they are cut by dikes and stringers 
of white, medium-grained biotite granite. The former are, therefore, 
older than the granite which has been identified as Conway granite, the 
youngest plutonic rock in the region. Northeast of Jefferson, and in the 
“shatter zone” of the composite ring dike, irregular inclusions of quartz 
monzodiorite are abundant in the pink biotite granite. Thus the quartz 
monzodiorite is older than the pink biotite granite. Similarly, the quartz 
monzodiorite is older than the hastingsite-riebeckite granite because on 
the southeast slope of the eastern knoll on Terrace Mountain, at an ele- 
vation of 3200 feet, a large inclusion of quartz monzodiorite was found 
in the hastingsite-riebeckite granite. 

At the north end of the ring dike of quartz monzodiorite and quartz 
monzonite, northwest of Mt. Starr King, a small lens of hastingsite- 
quartz syenite intrudes the eastern boundary between the dike and the 
country rock. Tongues of medium-grained hastingsite-quartz syenite 
cut the dike rock which is here a quartz monzonite, and blocks of quartz 
monzonite are included in the hastingsite-quartz syenite, indicating 
clearly the age relations. Similar contact relations were observed far- 
ther south and on the west side of the ring dike of quartz monzodiorite 
and quartz monzonite where it comes in contact with the hastingsite- 
quartz syenite in the northern part of the composite ring dike. 

Nothing more can be said about the age relations of the quartz mon- 
zodiorite and quartz monzonite to the other rocks, from data gathered 
here. However, studies in other areas, indicate that the quartz monzodi- 
orite and quartz monzonite are the oldest rocks of the White Mountain 
magma series in the Pliny region. 
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The relative age of the granite porphyry composing the Crescent 
Range ring dike is somewhat uncertain since it is entirely isolated from 
other intrusions of the White Mountain magma series. However, a 
small dike of granite porphyry, very similar to that of the Crescent 
Range, cuts the hastingsite-riebeckite granite at an elevation of about 
3200 feet on the southeast slope of the eastern knoll of Terrace Moun- 
tain. The similarity and rather unusual nature of the two granite por- 
phyries suggest that they are contemporaneous. Since the granite 
porphyry cuts the hastingsite-riebeckite granite it must be younger. 

Since the hastingsite-riebeckite granite stock apparently cuts off the 
ring dike of hastingsite-quartz syenite it must be younger. On the 
other hand, the hastingsite-riebeckite granite is older than the Conway 
biotite granite because it is cut by three small intrusions of Conway 
granite in the Pliny region, and by one large stock in the Perey quad- 
rangle (Pl. 1). 

The hastingsite-quartz syenite is older than the Conway biotite granite, 
because it has been intruded by an elliptical stock of Conway granite 
south of Mt. Starr King, and by a similar but smaller stock due east of 
Round Mountain. This view is substantiated by the fact that in the 
Percy region (Chapman, 1935, p. 415-416) the Conway granite has been 
shown to be younger than the hornblende syenite (similar to the hasting- 
site-quartz syenite of the Pliny region). 

Regional mapping suggests that the large stock of hastingsite-biotite 
granite southeast of Round Mountain has cut out the hastingsite-quartz 
syenite ring dike, and that the hastingsite-biotite granite is thus younger 
than the hastingsite-quartz syenite. 

The hastingsite-biotite granite resembles the Conway biotite granite 
petrographically and the two are probably nearly contemporaneous. 
The pink biotite granite is doubtless a phase of the Conway biotite gran- 
ite. As in other regions, the Conway biotite granite in the Pliny region 
seems to be the youngest plutonic rock of the White Mountain magma 
series. 

In summary, the intrusive rocks of the White Mountain magma series 
occurring in the Pliny region, excluding complementary dikes, are ar- 
ranged chronologically as follows, oldest at the bottom: 

Conway granite 

Pink biotite granite * 
Granite porphyry * 
Hastingsite-biotite granite ? 
Hastingsite-riebeckite granite 


Hastingsite-quartz syenite 
Quartz monzodiorite and quartz monzonite 


2 The exact position in the sequence of these rocks is not certain. 
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STRUCTURE OF THE RING DIKE COMPLEX 
DESCRIPTION OF STRUCTURAL UNITS 


General statement —The structural units of the Pliny region are ring 
dikes and stocks, intrusive into older crystalline rocks. Most of the ring 
dikes and stocks are concentric about a center in the interior of the 
Pliny Range, although the center of the Crescent Range ring dike is 3 
miles to the east-southeast. The ring dikes form only ares or crescents, 
with radii of from 214 to 3% miles. The largest stock has an average 
diameter of 314 miles, whereas the smallest is about 14 mile across. It 
is possible to arrange these structures in a definite chronological order, 
as in Table 6, since the relative ages of the rocks, which belong to the 
White Mountain Magma series, have been determined. 

In the following pages each structural unit will be considered in detail. 
For the sake of simplicity and convenience these will be discussed ac- 
cording to type rather than according to age, i.e. the ring dikes will be 
considered first and then the stocks. 


Body of quartz monzodiorite and quartz monzonite —This body under- 
lies the circular basin north of the Pliny Range (PI. 1), at least in part, 
and is either an arcuate ring dike or a circular stock averaging approxi- 
mately 314 miles in diameter. It is apparently cut off on the north by 
the hastingsite-riebeckite granite stock. The best exposures of quartz 
monzodiorite and quartz monzonite occur on Round Mountain and on 
and around the two peaks to the south. 

The outer contact of this body, although not exposed, has been located 
rather accurately by regional mapping. Whether it is vertical or in- 
clined is not known. Unfortunately, there are no structural features 
such as foliation or lineation to indicate the attitude of the contact. 


Ring dike of quartz monzodiorite and quartz monzonite——This long, 
slender, arcuate dike 114 miles west of Mt. Starr King and north of Jef- 
ferson trends somewhat west of north and has a radius of about 3 miles. 
It is 4 miles long, has a maximum thickness of a third of a mile, and 
tapers on both ends. Its areal extent is about 1 square mile. The quartz 
monzodiorite and quartz monzonite resemble that of the last body de- 
scribed. Outcrops are fairly abundant, particularly along the south- 
westerly trending ridges due west of Mt. Starr King. 

The boundary, although not exposed, has been fairly accurately 
located except at the southeastern end where outcrops are scarce. It is 
probably steep since it trends undeflected across rather rugged topog- 
raphy. The structure of the country rock (syenite of the Oliverian magma 
series) was not greatly affected by this intrusion, for the foliation near 
the dike conforms in general to the regional trend. 
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Hastingsite-quartz syenite ring dike——This ring structure, covering 
5 or 6 square miles, is the largest in the Pliny region. It underlies most 
of the Pliny Range and is responsible for the great height and crescentic 
shape of the latter. Inside the are the dike is bounded by the body of 
quartz monzodiorite and quartz monzonite and outside the arc by syenite 
of the Oliverian magma series. In ground plan the dike is an asym- 
metrical crescent or a portion of a ring whose major axis is 5 miles 
long and trends north-northeast. The minor axis of the ring is 414 
miles long and trends east-southeast. Originally the dike may have 
been a complete ring, now cut off on the north by the hastingsite- 
riebeckite granite stock. 

Despite the rugged topography, outcrops are not plentiful. The best 
exposures occur at the northwest end of the dike (north of hill, elevation 
3343 feet) and along the east slope of the Pliny Range southeast of Round 
Mountain. The tough, massive hastingsite-quartz syenite forms rugged 
cliffs, up to 50 feet or more in height. 

The contact between the hastingsite-quartz syenite and the surround- 
ing country rock is not exposed, and where outcrops are lacking, it is 
mapped with a dashed line. Where the contact has been fairly definitely 
located—.e., in the region northwest of Mt. Starr King and in the vicin- 
ity of Round Mountain—it crosses rugged topography without deflection, 
suggesting that it is steep. 

Composite ring dike-——The composite ring dike is a long, very slender, 
somewhat irregular series of intrusions west, southwest, and south of the 
Pliny Range. Its arcuate trend closely parallels that of the hastingsite- 
quartz syenite ring dike. It is 7 miles long and its thickness varies 
greatly. From the vicinity of Jefferson northward it is 500 to 700 feet 
thick; southeast of Jefferson, however, it becomes a zone of intrusion, 
and attains a maximum thickness of nearly 1500 feet. 

The best exposures occur along the westerly flowing streams and on the 
intervening ridges north of Jefferson. Southeast of Jefferson, outcrops 
are generally poor. 

The trend of this body seems to be more or less independent of the 
structure of the surrounding rock (Pl. 1). Northwest of Jefferson, the 
foliation of the country rock trends northeast and dips northwest. South- 
east of Jefferson, however, the foliation strikes northwesterly and dips 
northeast. Whether these structural complexities were caused by the 
emplacement of the composite dike or by an earlier deformation cannot 
be determined. 

This ring dike is called a composite dike because it consists of two 
distinct portions. The portion north of a line extending due west from 
the summit of Mt. Starr King is more or less uniform in thickness and 
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is composed of medium-grained hastingsite-quartz syenite. It apparently 
emplaced itself along the western boundary of the ring dike of quartz 
monzodiorite and quartz monzonite. Half a mile south of the north end 
of the composite dike, and on its east side, tongues and stringers of 
hastingsite-quartz syenite cut and include fragments of the quartz monzo- 
diorite and quartz monzonite. Many of these inclusions show signs of 
partial assimilation. Inclusions of black, fine-grained rock, which possibly 
belongs to the Lost Nation group, also occur here. On the west side of 
the composite dike, stringers of hastingsite-quartz syenite intrude coarse, 
pink syenite of the Oliverian magma series. No data are available on 
the attitude of the dike walls. 

South of a line extending due west from the summit of Mt. Starr King 
the composite ring dike becomes a zone of intrusion. Accordingly, its 
thickness varies and its boundaries are not sharp. A screen of country 
rock intervenes between this zone of intrusion and the ring dike of quartz 
monzodiorite and quartz monzonite. The country rock in the zone is 
coarse, pink, porphyritic syenite of the Oliverian magma series with some 
inclusions of black, fine-grained schist and amphibolite. It is cut by 
numerous, scattered, irregular or dikelike intrusions of medium-grained 
to fine-grained, pink biotite granite from a few inches up to 10 feet thick. 
Numerous, irregular, blocklike inclusions of syenite of the Oliverian 
magma series, cut by small stringers of pink biotite granite, are common 
in the granite intrusions. 

In the shatter zone, northeast of Jefferson, irregular inclusions of 
quartz monzodiorite occur in pink biotite granite dikes. Many of these 
inclusions are penetrated by slender biotite granite stringers. One par- 
ticular granite dike, filled with inclusions, has sharp, regular walls indi- 
cating that the inclusions were brought up at least some distance as the 
granite moved into place. A few dikelike intrusions of quartz monzo- 
diorite cut the Oliverian syenite. One dike, 30 feet long and 1 foot thick, 
is cut and displaced along shear fractures observable in both the dike and 
the country rock. The intrusion of pink biotite granite may account 
for this displacement. 

Fine-grained, dark trap dikes cut the syenite of the Oliverian magma 
series in this zone. Most of these are probably older than the White 
Mountain magma series since they are slightly metamorphosed. In 
two localities these trap dikes are intruded by the pink biotite granite. 

The southeastern part of the composite ring dike appears to be a 
shatter zone into which pink biotite granite has been intruded as dikes 
and irregular masses. Modell (1936, p. 1906) found a similar phenom- 
enon, but on a much smaller scale, in the ring dike of Albany quartz 
syenite in the Belknap Mountains. 
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The quantity of quartz monzodiorite in the shatter zone is so small 
and the distribution so local that it is impossible to prove whether 
the rock was intruded before or after shattering. However, the abundant, 
irregular fragments of quartz monzodiorite believed to have been brought 
up from depth by the pink biotite granite, suggest that the quartz monzo- 
diorite antedated the shattering. In other words, the quartz monzodiorite 
apparently was not intruded into the shatter zone, and is not, therefore, 
a part of the composite ring dike. 

As the pink biotite granite is probably younger than the hastingsite- 
quartz syenite the ring dike is truly composite. The northern hastingsite- 
quartz syenite portion of the dike was probably contemporaneous with 
the large hastingsite-quartz syenite ring dike of the Pliny Range. The 
southeastern part is younger and consists of a shatter zone containing 
numerous pink biotite granite dikes. 


Crescent Range ring dike.—This body of pink granite porphyry forms 
the backbone of the Crescent Range. Its arcuate shape, regular bound- 
aries, and remarkable symmetry are strong indications that it was em- 
placed along either a circular, elliptical, or arcuate fracture, although the 
fracture has not been observed beyond the limits of the intrusion. In 
its northern portion the dike and mountain range are coextensive, but 
toward the south, in the vicinity of Mt. Crescent, the dike swings west- 
ward, and the mountain ridge continues to the southwest for nearly 
5 miles (Pl. 1). Along the arc, the dike measures nearly 8 miles, and 
the maximum width, just south of Black Crescent Mountain, is 1 mile. 
The dike becomes progressively thinner until it finally pinches out at 
both ends. It is not known whether the dike was emplaced along a 
circular or elliptical fracture, but if we assume the former, the radius of 
curvature, 214 miles, is about equal to that of the hastingsite-quartz 
syenite ring dike. However, the areal extent (about 5 square miles) is 
slightly less than that of the hastingsite-quartz syenite dike. 

The Crescent Range ring dike is probably the best-exposed structural 
unit in the region. Outcrops are particularly abundant in the vicinity 
of Mt. Crescent and along the easterly flowing streams north and south 
of Black Crescent Mountain. Near the horns of the crescent, outcrops 
are scattered. On the whole, exposures are better on the east side of the 
range than on the west side where glacial drift is thick. 

A sharp contact between the ring dike and the pink gneiss of the 
Oliverian magma series is exposed at an elevation of 2540 feet in the 
southeasterly flowing stream which heads half a mile northeast of Mt. 
Crescent. The contact is sharp and distinct, and although the dip could 
not be measured accurately, it is apparently very steep. The contact 
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has not been observed elsewhere, but it has been located within a few 
hundred feet at several places, both in deep valleys and on some high 
ridges. When these points are connected, smooth, curved boundaries 
are produced, without deflection by topography, implying that the walls 
of the dike are very steep if not vertical. Specifically, the contact has 
been located within about 100 feet horizontally on the summit of Mt. 
Crescent. Its altitude is 3230 feet. In the stream valley half a mile 
northeast of Mt. Crescent the contact is exposed at an altitude of 2540 
feet. Thus there is a vertical difference of 690 feet within a horizontal 
distance of half a mile, and yet both points lie on the smooth curve 
determined by several other such points. 

Locally, near the northeastern boundary of the ring dike, the foliation 
of the country rock seems to have been diverted from its general north- 
easterly trend. When considered regionally, however, the Crescent 
Range ring dike cuts directly across the structure of the country rock 
(Pl. 1). 

At an elevation of 3200 feet in the hastingsite-riebeckite granite on 
the southeast slope of the eastern knoll on Terrace Mountain is a small 
dike of granite porphyry identical with that of the Crescent Range. 
This dike, although small, lies on what might be considered the projection 
of the north end of the Crescent Range ring dike. It may represent an 
intrusion along the same ring fracture. In any event, since the small 
dike on Terrace Mountain is similar petrographically to the Crescent 
Range ring dike, and since the rock of which both are composed is a 
rather unusual type, it appears that both were intruded contempora- 
neously. 


Hastingsite-quartz syenite stock —One mile southwest of Pliny Moun- 
tain is a large outcrop of medium-grained to fine-grained hastingsite- 
quartz syenite. There is no information as to the size or shape of the 
mass; consequently, it is outlined on the geological map (PI. 1) with 
dashes. As this body petrographically resembles the hastingsite-quartz 
syenite ring dike of the Pliny Range, the two were probably more or 
less contemporaneous. 


Hastingsite-riebeckite granite stock—The hastingsite-riebeckite gran- 
ite stock lies mainly in the Mt. Washington quadrangle, but the mass 
extends north for about 1 mile into the Perey quadrangle. The outline 
of the body is roughly elliptical with the long axis, nearly 5 miles, 
trending northwest-southeast. The short axis is approximately 3 miles 
long. The area of the stock (excepting inclusions and younger intru- 
sions) is about 10 square miles, but the portion in the Pliny region 
covers about 614 square miles. 
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In the Percy quadrangle, the stock is not well exposed, but outcrops 
may be seen near the summit of Mt. Cabot and on the ridge directly 
west between elevations 2500 feet and 3000 feet. In the Pliny region, 
exposures are excellent along the crest and upper slopes of Terrace 
Mountain. 

Since the contacts of the hastingsite-riebeckite granite stock are not 
exposed, their dips are not known. The eastern boundary has been 
rather accurately located, but because of poor exposures the western 
boundary can be established only in a general way. On the south the 
contact is covered by glacial drift. 

In 1935 when R. W. Chapman published on the ring dike complex 
of the Percy quadrangle, little was known about the geology of the 
Pliny region, and this body of hastingsite-riebeckite granite, was be- 
lieved to be a thick ring dike. However, present studies show the 
body to be a stock, and it was, therefore, necessary to alter somewhat 
those boundaries which had been drawn in the Percy region. 

The hastingsite-riebeckite granite stock contains abundant quartzite 
inclusions, many of which may be seen in the well-exposed granite along 
the crest of Terrace Mountain. Others occur on the flanks of Terrace 
Mountain and on the south slope of Mt. Cabot. The outlines of these 
inclusions are probably irregular, but only limited portions of their 
boundaries are visible. They range in cross section from a few hun- 
dred feet to nearly 3000 feet, the largest one lying less than 1 mile north- 
east of the northernmost peak of Terrace Mountain. The inclusions 
consist of dense, dark quartzite of the Albee formation, like the country 
rock to the west. Most of the blocks are well stratified, and show 
random strike and dip. 

Hastingsite-biotite granite stock—This body of pink, medium- to fine- 
grained hastingsite-biotite granite lies east and southeast of Round Moun- 
tain, adjacent to the ring dike of hastingsite-quartz syenite. Due to the 
paucity of outcrops, the exact shape of the body is unknown, and its 
boundaries, therefore, are mapped with a dashed line. The body covers 
an area of about 2 square miles. Its north-south axis is 2°4 miles, and 
its east-west axis is 1144 miles. The distribution of outcrops at least 
suggests that the hastingsite-biotite granite stock has cut into the hastings- 
ite-quartz syenite ring dike and that the former is, therefore, younger. 


Conway granite stocks—In the Pliny region the Conway granite is 
represented by numerous small stocks, six of which are mapped (PI. 1). 
They are all roughly circular in plan, although in many cases boundaries 
could not be located accurately. The largest of these stocks lies due 
south of Mt. Starr King where it intrudes the ring dike of hastingsite- 
quartz syenite. A smaller one cuts the hastingsite-quartz syenite ring 
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dike due east of Round Mountain, and a third occurs in the country 
rock (pink syenite of the Oliverian magma series) 114 miles west-north- 
west of Mt. Starr King. Three more small stocks intrude the hastings- 
ite-riebeckite granite on the flanks of Terrace Mountain. Many others, 
too small to map, were found cutting the older rocks in several places. 
The abundance and distribution of these bodies suggest that they repre- 
sent cupolas rising from a much larger intrusive mass below. 

The southern portion of a large stock of Conway biotite granite lies 
along the northern edge of the Mt. Washington quadrangle just east of 
the hastingsite-riebeckite granite stock. It is well exposed in a small 
quarry along the unimproved road 1 mile west-southwest of York Pond. 
Although its southern boundary is mapped with a dashed line, its loca- 
tion is believed to be fairly accurate since it is extrapolated from detailed 
mapping farther north. This large stock apparently cuts out part of 
the hastingsite-riebeckite granite stock east of Mt. Cabot. 


RELATION OF THE PLINY REGION TO OTHER RING DIKE AREAS 


General statement.—Before attempting to determine the origin of the 
structural units of the Pliny region, it will be helpful to consider the 
relation of this area to other New England districts in which ring dikes 
have been described: the Ossipee Mountains, New Hampshire (Kings- 
ley, 1931), the Percy region, New Hampshire (R. W. Chapman, 1935), 
the Belknap Mountains, New Hampshire (Modell, 1936), the Franconia 
quadrangle, New Hampshire (Williams and Billings, 1938), the Mt. 
Chocorua quadrangle, New Hampshire (Smith, et al., 1939), and Ascut- 
ney Mountain, Vermont (Chapman and Chapman, 1940). 


Proximity to the Percy region—The Perey region bounds the Pliny 
region on the north. The topography, rock types, and structural features 
of these two areas are very similar; the two regions are part of one 
large intrusive complex which covers an area of nearly 200 square miles. 


Similarity of structural units—Some of the structural units of the 
Pliny region resemble those in other New England areas. For example, 
although the ring dike of the Crescent Range is much longer, covers a 
greater area, and is composed of granite porphyry rather than syenite 
porphyry, it has the same crescentic shape and the same radius of curva- 
ture as the Cape Horn ring dike of the Perey complex. Field relations 
indicate that the walls of both dikes are very steep: the Cape Horn 
dike is believed to dip about 75°, and the Crescent Range dike may 
dip even more steeply. 

A second comparison may be made between the hastingsite-quartz 
syenite ring dike of the Pliny Range and the Albany quartz syenite 
ring dike of the Belknap Mountains (Fig. 1). Both are asymmetrical 
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crescents of quartz syenite, and the radius of curvature of both is the 
same. The dike of the Belknap Mountains, however, is somewhat more 
slender and less regular. 

In the third place, the composite ring dike of the Pliny region is 
similar to the Rattlesnake composite ring dike of the Belknap Mountains. 
Both are discontinuous and both are composed of several kinds of rock. 
The composite dike of the Belknap Mountains is considerably thicker 
however. 

Finally, the role of the Conway granite as stocklike bodies is also 
common in the other ring dike areas of New England, but small ring 
dikes of it are found in the Belknap Mountains and in the Percy com- 
plex. The stocks in the Pliny region are smaller and more numerous 
than those in other areas. 


Centers of intrusion—The ringlike intrusions of the Pliny region are 
grouped about two separate centers. One lies in the midst of the Pliny 
Range about 2 miles northeast of Mt. Starr King, and it is about this 
center that the older ring dikes are arranged. The granite porphyry 
ring dike, which is probably the youngest in the region, has a center 
of intrusion 3 miles northeast of Pliny Mountain. The granitic stocks 
are distributed irregularly about the earlier center of intrusion. A simi- 
lar arrangement of ring structures and associated stocks about more 
than one center of intrusion has been demonstrated in the Belknap 
Mountains, the Percy region, and at Ascutney Mountain, Vermont 
(Fig. 1). 


Rock types—In the Pliny region, as in the other New England ring 
dike areas, the intrusions belong to the White Mountain magma series. 
The older structural units are composed of the more basic rocks, whereas 
the later bodies are made of siliceous varieties. Inasmuch as the stocks 
are generally the latest, they are composed principally of granite. Ap- 
parently the rocks of the White Mountain magma series have followed 
the normal order of differentiation, and consequently the rock type com- 
posing a particular body depends upon the relative age of that body. 
In the case of composite ring dikes, there has been more than one period 
of intrusion along the same fracture. 


INTRUSION OF THE RING DIKES 


General theory—Due to a lack of good rock exposures, information 
on the origin of the ring structures of the Pliny region is incomplete. 
Although there is no positive evidence of the sinking of large, cylindrical 
blocks, the similarity of the ring structures here to those in other New 
England areas where the origin has been fairly definitely established, 
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suggests that cauldron subsidence or ring-fracture stoping has been 
the method of origin of the ring dikes and perhaps some of the stocks. 
This theory has been discussed so much recently in the literature that 
only a résumé of the essential features will be given here. 

The concept of cauldron subsidence or ring-fracture stoping was de- 
veloped by E. M. Anderson (Clough, et al., 1909, p. 11-12). He assumes 
a paraboloidal magma chamber in the crust at a depth of several miles. 
As long as the roof and magma chamber remain under the same hydro- 
static pressure no fractures will form, but if the magmatic pressure is 
reduced, a tension is set up. This resuits in a number of steeply dipping 
fractures that slope outward. The sinking of the central block into the 
magma chamber and the intrusion of magma along these fractures result 
in ring dikes. During the sinking of the central block a portion of the 
ring fracture may become closed up in one manner or another so that 
the intrusion of magma along it is impossible. Thus a partial or incom- 
plete ring dike, having an arcuate or crescentic shape, might form. 
Various other modes of formation of such structures have been dis- 
cussed in some detail by Modell (1936, p. 1925-1927). 

The theory outlined above is general and does not explain in detail 
the mechanism by which the ring dikes emplace themselves. Fortunately, 
the Pliny region offers some evidence on this problem. 


Evidence offered by the composite ring dike——The northern portion 
of the composite ring dike is the older and is composed of hastingsite- 
quartz syenite, whereas the southern part is a more or less irregular zone 
with intrusions of pink biotite granite. The dike is not a solid intrusion 
which has emplaced itself between the two walls of a sharp fracture, but 
instead, it is a zone of intense fracturing into which many small dikelike 
intrusions have worked their way. The writer believes that the body 
originated somewhat as follows. 

Tensional stresses in the region formed a curved fracture which now 
marks the general position of the dike. An isolated, cylindrical block 
produced by the curved fracture, settled downward into the magma 
chamber. As the two walls moved past one another, they shattered and 
crushed the rock on both sides of the break. Possibly this displacement 
caused considerable deformation of the earlier structures in the sur- 
rounding rock. Spreading of the fracture walls in the late stages of the 
movement produced a zone of porous rubble which favored magmatic 
intrusion. In the northern portion of this porous zone hastingsite-quartz 
syenite magma rose, engulfing the fractured blocks, until a more or less 
solid dike was formed. Quite likely piecemeal stoping was important 
in making room for the rising magma. A somewhat similar mechanism 
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has been suggested by Williams and Billings (1938) in the Franconia 
quadrangle. 

Later, and perhaps accompanied by further displacement of the walls, 
intrusion was initiated in the southern portion of the composite dike. 
Pink biotite granite rose as a network of small, irregular dikes, filling 
fractures and spaces between irregular blocks. 


Evidence offered by the Crescent Range ring dike—The Crescent 
Range ring dike differs from the composite ring dike in several ways: 
(1) It is a symmetrical crescent; (2) its boundaries are regular and 
smoothly curving; (3) it is a solid dike which lacks inclusions of any 
great size (a few small inclusions are discussed in the petrographic de- 
scription) ; and (4) it is composed of granite porphyry which has corroded 
phenocrysts in a very dense groundmass. 

It is evident from these comparisons that the granite porphyry ring 
dike had a quite different origin. Its symmetrical, crescent shape and 
its regular, smoothly curving boundaries indicate clearly that it rose 
en masse along a sharp, curving fracture. The sharp, regular boundaries 
and the lack of abundant inclusions suggest that stoping of small blocks 
was unimportant. In contrast with the other dikes of the area, the Cres- 
cent Range ring dike must have cooled quickly since the groundmass of 
the granite porphyry is dense. However, the large, corroded phenocrysts 
of orthoclase and quartz suggest that the magma must have been cooling 
slowly at some deep level prior to its final injection. 

The genesis of the Crescent Range ring dike seems to have been some- 
what as follows: somewhere beneath the present surface lay a body of 
granitic magma which was cooling slowly. Early formed crystals of 
orthoclase and quartz were being resorbed and corroded by the cooling 
melt. Apparently resorption and corrosion took place at depth rather 
than in the dike, since cooling of the magma was very rapid after the dike 
was emplaced. Then a steeply dipping, cireular or slightly elliptical 
fracture developed across the structure of the country rock, as a result 
of tensional stresses. The cylindrical or domical block thus formed sank 
and crowded westward so that a crescentic opening instead of an annular 
opening was produced. Into this opening the granitic magma was in- 
jected and suddenly cooled to produce a symmetrical, crescentie ring 
dike of granite porphyry. The original fracture may have extended as 
far west as Terrace Mountain because a small dike of granite porphyry 
was found at an elevation of 3200 feet on the southeastern slope of the 
eastern knoll. 

The crescent-shaped Cape Horn ring dike in the Percy region is com- 
posed of dense syenite porphyry. Its history is probably essentially the 
same as that of the Crescent Range ring dike. According to Billings 
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(personal communication) the ring dike of granite porphyry forming the 
Franconia Range is also analogous. 


Evidence offered by the other ring dikes——The ring dike of quartz 
monzodiorite and quartz monzonite and the hastingsite-quartz syenite 
ring dike have fairly regular, broadly sweeping boundaries, and neither 
contains inclusions. This suggests that they were intruded en masse 
along sharp fractures, and that piecemeal stoping of small blocks was 
unimportant. Both dikes, however, are composed of medium-grained 
rock which implies that cooling was relatively slow. These two bodies 
are typical of most of the ring dikes of northern New England. 


INTRUSION OF THE STOCKS 


The large Conway granite stock extending south from the Percy region, 
the large hastingsite-riebeckite granite stock of Terrace Mountain, and 
perhaps even the hastingsite-biotite granite stock southeast of Round 
Mountain can all be explained by ring-fracture stoping if it be assumed 
that in each case the central block has dropped below the present ero- 
sion surface. However, the smaller stocks composed of Conway granite 
may represent small cupolas which have risen from a large granite mass 
below, by piecemeal stoping of the country rock. 


ORIGIN OF THE ROCK TYPES 


The rocks of the Pliny region are believed to have originated in a large 
reservoir of basaltic magma at some depth. Inasmuch as they exhibit 
a definite sequence from basic to acid types, fractional crystallization 
is thought to have been the dominant process of formation. At various 
stages during differentiation the reservoir was tapped by fractures ex- 
tending toward the surface, and the magma rose along these breaks to 
form the ring dikes and stocks. Late granitic types are particularly 
abundant in the Pliny region, however, and it is difficult to account for 
large quantities of silica by fractional crystallization alone. Possibly 
in the late stages of differentiation, large masses of assimilated siliceous 
country rock helped to form abundant granitic magma. 

The concept outlined above is the same as that proposed some years 
ago to explain the White Mountain magma series as a whole (Chapman 
and Williams, 1935). 


SUMMARY AND CONCLUSIONS 


The conclusions drawn from the present study are summarized as fol- 
lows: (1) The Pliny region is similar to several other New England areas 
in that it has ring dike and stock intrusions; (2) the intrusive bodies are 
grouped about two distinct centers; (3) the ring dikes are probably all 
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ares or partial rings; (4) for the most part the stocks are younger than 
the ring dikes and they cut across the latter; (5) cauldron subsidence or 
ring-fracture stoping (the settling of large, cylindrical or domical blocks 
along curved fractures) is believed to be the best explanation of the in- 
trusion of all of the ring dikes and some of the stocks; (6) the com- 
posite ring dike near Jefferson resulted from the injection of magma into 
a highly fractured, arcuate zone; (7) the ring dike of the Crescent Range, 
however, was formed by the injection en masse of granite porphyry along 
a smooth, sharp, curved fracture; (8) all intrusive bodies are composed of 
differentiates of the White Mountain magma series and are believed to 
have originated chiefly through fractional crystallization of a basaltic 
magma somewhere at depth; and (9) the presence of many granitic types 
among these intrusions, however, implies that assimilation of siliceous 
country rock was also important in producing the late granitic differen- 


tiates. 
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